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INTRODUCTION 
The Synuraceae (Chrysophyceae), conmonly referred to as the 
silica-scaled chrysophytes, comprise a widely distributed group of 
flagellated algae. In Iowa, there have been several comprehensive 
studies of algae (Fink, 1905; Buchanan, 1907; Prescott, 1927, 1931) 
as well as many studies on specific lakes or rivers (Bessey, 1882; 
Smith, 1926; Hayden, 1943; Starret and Patrick, 1952; Kutkuhn, 1958; 
Smith, 1962; DeLisle 1965). However, prior to 1976 only 
seven Iowa studies contained identifications of Synuracea beyond the 
genus level (Table 1). In a previous survey. Wee (1976) and Wee ^  al. 
(1976) collected and Identified 11 taxa and observed several unidentified 
species from Iowa. Therefore, a major objective of this study was to 
examine more completely the Synuraceae of the state. 
One cause for the paucity of taxonomic information in this family 
is the difficulty of precise identification. Characteristics of cell 
and/or colony morphology have proven useful for only a few species 
and dependable identifications are not possible without examination 
of scales with the electron microscope. Early workers such as Bessey, 
Buchanan and Fink may not have reported Synuraceae as algae because 
they were considered to be protozoans, based on the fact that they 
are flagellated and that the chlorophylls are masked by the carotenoid 
pigments. In fact, the first known reports of this group in Iowa 
(Edmonson, 1906; Spencer, 1917) were made by protozoologists. 
Fott (1955), Asmund (1955) and Manton (1955) were the first to 
utilize transmission electron microscopy (TEM) of Synuracean scales 
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Table 1. Synuraceae reported from Iowa, 1900-1975 
Worker Taxon Location 
1. Edmonson (1906) Mallomonas plossil Perty — 
2. Spencer (1917) Mallomonas fresenii S. K. Fairport, Iowa 
Synura uvella Ehr. Iowa City, Iowa 
3. Prescott (1927, Synura uvella Ehr. Johnson County 
1931) Synura adamsii G. M. Smith Johnson County 
4. Starret and Patrick Synura uvella Ehr. Des Moines River 
(1952) 
5. Kutkuhn (1958) Mallomonas pseudocoronata North Twin Lake 
Prescott 
6. Smith (1962) Synura uvella Ehr. Dead Man's Lake 
7. DeLisle, Takahashi, Synura uvella Ehr. Lake Ahquabi 
and Weeber (1965) 
Reports are not included unless they are beyond the genus level. 
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as a means of Identification. Kristiansen (1971) and Cronberg (1972, 
1973, 1975) published early scanning electron micrographs (SEM) of 
scales. Electron microscopy has provided so much new information 
that specialists currently do not consider identifications of species 
of Synuraceae valid unless they are based on electron microscopic 
observations. Consequently, many previous studies in which the 
taxonomy was based upon light microscopy should be reexamined. 
Transmission and scanning electron microscopy were used as the 
primary means of identification in this study. However, a need to 
provide better criteria for recognition of species with light microscopy 
was recognized, particularly for workers who do not have routine access 
to an electron microscope. Therefore, a secondary goal of this study 
was to Investigate the techniques used for LM observations, correlate 
them with those made with EM and determine the extent to which 
interpretation with the light microscope might be valid. Additional 
details of cell, colony, scale and bristle structure are discussed 
for many taxa. Some ecological data were gathered and are noted where 
appropriate. 
In order to determine the Synuracean flora of Iowa, a variety 
of lentic habitats were sampled and collections examined with both 
light and electron microscopy. Intact cells or colonies and dis­
articulated scales and bristles were examined with the scanning and 
transmission electron microscope. Information gathered from the 
electron microscopic studies was correlated with light microscopic 
studies and reports from the literature were used in deriving 
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the taxonomic descriptions which follow. Additionally, this informa­
tion was used to determine the validity of light microscopic observa­
tions of scale and/or cell and colony morphology as reliable taxonomic 
characteristics, 
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Illustration 1. Diagram of Mallomonas caudata 
a. Cell showing circular scales with attached 
bristles on a uniflagellate cell. 
b. A scale with attached bristle disarticulated 
from the cell. 
The drawing was taken directly from Algenkunde by 
B. Fott, 1971, p. 76. 
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LITERATURE REVIEW 
A drawing of a common species of Synuraceae, Mallomonas caudata, 
is presented in Illustration la. The overlapping meshwork of siliceous 
scales forms a lorica around the cell membrane characteristic of the 
family. The morphology of the scales is an important taxonomic 
characteristic. Frequently, in Mallomonas long, narrow, siliceous 
bristles are attached individually to the scales, extending away from 
the cell. Although there are several biflagellated genera, the 
largest genus, Mallomonas, has only one flagellum. The flagella are 
difficult to see with the light microscope unless contrast enhancing 
methods such as phase-contrast microscopy are used. 
A scale and bristle disarticulated from the cell is presented 
in Illustration lb. As with the flagella, these structures are 
difficult to see with ordinary light microscopic methods. Several 
Synuracean organisms, as viewed in the living condition, are presented 
in Figures 229-244. The scales in Figures 245-301 are as viewed with 
phase-contrast microscopy. 
The overlapping arrangement of scales on a cell and the fine 
structure of the scales is shown best with electron microscopy. An 
example of variation in scale morphology on an individual cell is 
shown by Synura echinulata (Figure 181). Other examples of scale 
arrangements can be observed in Mallomonas acaroides (Figures 33, 34), 
Mallomonas striata (Figure 53), Mallomonas caudata (Figure 139) and 
Synura petersenii (Figure 161). Cells of other inconspicuous forms 
are rarely observed with light microscopy. Therefore, knowledge of 
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organisms such as Paraphysomonas (Figures 199, 202) and SpInlferomonas 
(Figure 209) Is based largely on electron microscope studies. 
Systematlcs 
The Synuraceae, a major family of golden-brown algae, have been 
arranged In several schemes of systematic nomenclature (Chrlstensen, 
1980; Bold and Wynne, 1978; Tralnor, 1978; Fott, 1971; Bourrelly, 1968). 
I found Bourrelly's most acceptable. Farmer (1980), Sleigh (1973) and 
Grell (1973) have presented schemes which Include the Synuraceae 
from the protozoologlsts' viewpoint. An additional genus, Splnlferomonas, 
has been described since Bourrelly's book was published and Is added 
here. I have used Bourrelly's (1968) scheme (Table 2) In this presenta­
tion. 
The Chrysophyceae frequently are characterized as having the 
pigments chlorophyll a and c and chrysolamlnarln as a food reserve. 
Fucoxanthln and other pigments mask the green chlorophylls, providing 
the golden-brown color typical of the class (Bold and Wynne, 1978). 
Features of the flagella vary widely within the Chrysophyceae and 
are primary criteria for class and order classification in Bourrelly's 
scheme. Flagellated cells In the Chrysophyceae usually have two 
flagella, one acronematic (whiplash) and one pleuronematlc (tinsel, 
flimmer or flimmergiesel) flagellum. (A discussion of the flagellar 
apparatus in the Synuraceae is presented in a later section.) 
Endogenously formed siliceous cysts are common. Cellulose cell walls 
are never present in this class. 
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Table 2. The systematic position of Synuraceae 
Chrysophyceae 
Heterochryophyc idaceae 
Ochromonadales 
Ochromonadinaceae 
Synuraceae 
Class 
Subclass 
Order 
Suborder 
Family 
1. Mallomonas Genera 
2. Mallomonopsis 
3. Paraphysomonas 
4. Spiniferomonas 
5. Synura 
6. Chrysosphaerella 
7. Microglena 
8. Catenochrysis (including Chrysodidymus) 
9. Conradiella 
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The first genus in the Synuraceae, Synura, was described by 
Ehrenberg in 1835. Since then Microglena (Ehrenberg, 1889), Mallomonas 
(Perty, 1852), Chrysosphaere11a (Lauterborn, 1896), Conradiella 
(Pascher, 1925), Paraphysomonas (de Saedeleer, 1929), Mallomonopsis 
(Marvienko, 1941), Catenochrysis (Perman and Vinnikova, 1955) and 
Spiniferomonas (Takahashi, 1973) have been added. Another genus, 
Chrysodidymus (Prowse, 1962), has been included in the Synuraceae by some 
researchers (Puytorac et al., 1972; Nichols, 1980; Gerrath, 1974). Pres­
ently I agree with Bourrelly (1968) that Chrysodidymus should be included 
within Catenochrysis. Additionally, I agree with Kristiansen (1979b) 
that the genera Catenochrysis, Conradiella, Chrysodidymus and Microglena 
constitute a taxonomic enigma. The validity of these genera cannot be 
fully established until electron micrographs verify the nature of their 
siliceous covering. Six of the genera, Mallomonas, Mallomonopsis, 
Synura, Chrysosphaerella, Paraphysomonas and Spiniferomonas are well 
known from North America, based on electron microscope studies. Two 
of the enigmatic genera have been reported from North America by 
reliable sources, Microglena by Wujek (1967) and Catenochrysis by 
Puytorac e^ ^1. (1972) and Norris and Munch (1970) as Chrysodidymus. 
The genera in the Synuraceae are defined on the basis of plant 
body type, nature of the flagella and the types of siliceous structures 
• forming the lorica around the cell (Table 3). Presently six genera 
are described as unicellular and two as colonial. Recently 
Chrysosphaerella, which was originally described as colonial, has had 
two unicellular species added to it (Birch-Andersen, 1973; Wujek et al., 
Table 3. Genera in the Synuraceae" 
Genus 
Plant body 
type Flagella Type of siliceous covering 
Mallomonas Perty 
Mallomonopsis Matvienko 
Paraphysomonas de Saedler 
Spiniferomonas Takahashi 
Microglena Ehrenberg^ 
Conradiella Pascher^ 
Chrysosphaerella Lauterborn 
Synura Ehrenberg 
Catenochrysis Perman 
Unicell 
Unicell 
Unicell 
Unicell 
Unicell 
Unicell 
Unicell & 
Colony 
Colony 
Colony 
1 long Scale shape oval, rhombic or tri­
angular; spines and bristles 
present. Figures 1-15. 
1 long & Scale shape oval or rhombic; 
1 short bristles present. 
1 long & Scale shape circular, crown-like 
1 short or tack-like; may be solid or 
reticulate. Figures 26-27. 
1 long & Scale shape circular to elliptical; 
1 short bristles tack-like, Figures 28-30. 
1 long Siliceous granules. 
1 long Siliceous bands. 
1 long Scale shape elliptical; bristles 
with a double disced base. Figures 
24-25. 
2 long Scales elliptical with a vertically 
projecting spine or nearly circular 
with a spine projecting from one 
end. Figures 16-23. 
1 long & Probably similar to Synura. 
1 short 
2 
The features described here are as they appear when light microscope methods are used. 
^These genera are poorly understood and their characteristics are based on limited information. 
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1977; Preisig and Takahashi, 1978). Additionally, ultrastructural 
evidence concerning the flagella is making generic differences 
indistinct between Mallomonas and Mallomonopsis. The following 
review of the literature concerning the ultrastructural cytology, 
physiology and reproductive biology is presented as an aid to 
characterizing the family as well as the genera. 
Ultrastructure 
The ultrastructure of the Synuraceae is only partially known. 
Genera which have been investigated are Synura (Manton, 1955; 
Schnepf and Deichgraber, 1969; Hibberd, 1978), Paraphysomonas (Manton 
and Leedale, 1961; Leadbeater, 1972), Mallomonas (Wujek, 1978; Wujek 
and Kristiansen, 1978) and Mallomonopsis (Belcher, 1969; reported as 
Mallomonas). 
Within the Chrysophyceae, the cellular organization of Ochromonas 
is considered as the basic type (Dodge, 1973; Hibberd, 1976). Hibberd 
(1976) describes in detail this basic cell organization and compares 
it with four other modifications of the basic pattern. He considers 
the Synuraceae, except for Paraphysomonas, to be the group farthest 
removed from the basic Ochromonas type. Hibberd (1976) states that 
although the Synuraceae have several characteristic structural 
features, the largest modifications from the Ochromonas type are 
the presence of a flagellar swelling, loss of an eyespot and acquisition 
of siliceous body scales and unmineralized flagellar scales. 
American authors typically have described members of this family 
as having two chloroplasts. However, on the basis of light microscopy 
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Harris (1953, 1958) has described a single, bilobed chloroplast in 
Mallomonas. The true nature of the chloroplast shape is questionable 
due to conflicting and incomplete ultrastructural reports (Belcher, 
1969; Wujek, 1978; Hibberd, 1978). 
Since Hibberd's (1976) review, several ultrastructural studies 
have been completed (Hibberd, 1978; Wujek, 1978; Wujek and Kristiansen, 
1978). Although Synura sphagnicola has some features unique to the 
genus, neither it nor Mallomonas caudata (Wujek, 1978; Wujek and 
Kristiansen, 1978) has ultrastructural characteristics which vary 
markedly from the rest of the Synuraceae. 
Body scale formation in the Synuraceae has been investigated in 
Paraphysomonas (Manton and Leedale, 1961; Lee, 1978), Synura (Schnepf 
and Deichgraber, 1969; Greenwood, 1967; McGory, 1976), Mallomonas 
(Wujek and Kristiansen, 1978) and Mallomonopsis (Belcher, 1969). 
The body scales of Synuraceae were described as siliceous (Korshikov, 
1929; Lee, 1978). However, an organic component has also been shown 
to be present (McGory, 1976). 
Based on the studies cited above, the following mechanism is 
currently considered to provide the best general hypothesis for scale 
formation within the family. The template for the scale is a vesicle 
produced by the chloroplast endoplasmic reticulum (ER). By folding 
or rolling, the template of the future scale is shaped. Although the 
role of the golgi membranes is not absolutely certain, vesicles, 
assumed to contain silica in some form, apparently bud off from the 
golgi cisternae and move towards the template vesicle and fuse 
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with it. Perforations in the scale occur where no vesicle deposits 
are made. The scale is deposited on the surface when the sac-like 
vesicle containing the scale fuses with the plasmalemma, extruding 
the scale via exocytosis. It is unknown how the scales are arranged 
in their definite patterns. However, it is speculated that the 
scales could be held in place by the discharged contents of muciferous 
bodies located beneath the plasmalemma (Wujek and Kristiansen, 1978). 
Wujek and Kristiansen (1978) have investigated bristle production 
in Mallomonas caudata. These structures are produced in the same 
manner as the scales. However, cells were observed to produce only 
bristles or scales, never both simultaneously. It is unknown how 
the bristles become attached to the scales. Because bristles are 
frequently longer than the cells, it seems likely that one end of 
the bristle must be extruded while the other is being formed. 
Nevertheless, this has not been confirmed. 
Genera in the Synuraceae may have either one pleuronematic 
flagellum or two flagella, one acronematic and one pleuronematic. 
The length of the acronematic flagellum varies from being very short 
to almost as long as the pleuronematic flagellum (Takahashi, 1978). 
The nature of the flagella is considered to be an important taxonomic 
feature in the Chrysophyta as well as in the Synuraceae. Because 
recent ultrastructural studies are providing confusing data on the 
nature of the flagellar apparatus in the Synuraceae, it is appropriate 
to review the flagellar structure in some detail. 
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Good general references on mode of action, morphology and anatomy 
of flagella can be found in Sleigh (1973), Farmer (1980), Bold and 
Wynne (1978) and Grell (1973). More specific information on the 
flagellar apparatus in the Chrysophyceae can be found in Hibberd 
(1976), Takahashi (1975) and Dodge (1973). Takahashi (1978) compares 
the flagellar apparatus of the Synuraceae with selected taxa through­
out the Chrysophyceae. 
Within the family the length of the pleuronematic flagellum has 
been shown to vary from 8-30 fxm. It has two rows of mastigonemes, 
usually 1-2 /im long (Takahashi, 1978). The length of the second, 
acronematic flagellum can be approximately as long as the pleuronematic 
flagellum (e.g., Synura) or extremely short (e.g., .8 urn in 
Spiniferomonas) (Takahashi, 1978). In the uniflagellate forms such 
as Chrysophaerella multispina and Mallomonas caudata, the basal 
bodies of a second, vestigal, presumably acronematic flagellum have 
been demonstrated (Wujek, 1968, 1978). Sometimes this second flagellum 
can be observed in living cells when they are carefully viewed with 
phase contrast microscopy (Wujek, 1968). The longer, pleuronematic 
flagellum propels the organism through the water (Belcher, 1969). 
In Synura this flagellum moves in S-like, uniplanar arcs while the 
second flagellum moves at a much slower rate in helical waves 
(Jarosch, 1970). Jarosch and Fuchs (1975) have shown that stiff 
fibrils on the uniplanar flagellum of Synura sphagnicola sometimes 
project past the end of the flagellum. These fibrils rotate, causing 
the characteristic movement of the flagellum (Fuchs and Jarosch, 1974; 
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Jarosch and Fuchs, 1975). This pattern of heterokont flagellar 
movement can be easily observed in Synura with phase-contrast 
microscopy (personal observation)• 
Several aspects of the fine structure of the flagella in the 
Synuraceae have been examined. Unmineralized flagellar scales have 
been reported on both types of flagella (Hibberd, 1973). They were 
observed in Mallomonas, Synura and Mallomonopsis (Hibberd, 1973, 1976, 
1978; Zimmerman, 1977) and seem to be unique to the Synuraceae 
(Hibberd, 1973). In Synura sphagnicola, the flagellar scales are 
formed in swollen edges of the golgi cisternae and appear to pass 
to the cell surface in large vesicles (Hibberd, 1978). The morphology 
of the flagellar scales and the tip of the acronematic flagellum may 
be species specific in Synura (Hibberd, 1973; Bradley, 1966a). Secondly, 
the structure and development of mastigonemes has been investigated in 
the family (Heath e^ ^ ., 1970; Bradley, 1965, 1966a). They appear 
to originate in the cisternae of the endoplasmic reticulum (Heath 
eit ^., 1970; Leedale ^  aJ., 1970) and arise from the axoneme, 
penetrating the flagellar membrane (Bradley, 1966a). The basal 
portion of the mastigoneme is rigid, enabling the flagellum to act 
as a pulling organ (Bradley, 1966a). The flagella usually are 
inserted terminally in a shallow cavity or pit in the anterior 
portion of the cell (Hibberd, 1976) except in Mallomonas caudata 
(Wujek, 1978). The pitted flagellar insertion and parallel arrange­
ment of the basal bodies may be unique to the family (Hibberd, 1976, 
1978). 
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As stated earlier, flagellar number and length are considered 
to be important generic distinctions in the Synuraceae. The presence 
of a second vestigal basal body in the uniflagellate genera, Mallomonas 
and Chrysosphaerella (Wujek, 1968, 1978) has confused this distinction. 
Additionally, Belcher (1969) states that the second acronematic 
flagellum in Mallomonas papillosa was present in only some of the 
cells observed with phase-contrast microscopy and was not observed 
in any whole specimen preparations viewed with electron microscopy. 
Belcher (1969) speculates that this organ may be periodically discarded. 
Wujek (1978) found a "9+0" microtubular arrangement in the vestigal 
basal body of Mallomonas caudata. This is different from the "9+2" 
arrangement of both flagella of Mallomonopsis (Wujek, 1978) . The 
flagellar pit or cavity described in Mallomonopsis (Belcher, 1969) 
was not present in Mallomonas caudata (Wujek, 1978). I concur with 
Wujek (1978) that the distinction between Mallomonas and Mallomonopsis 
should be maintained until the flagella of more species in these 
genera can be examined critically. 
Physiology and Culturing 
Allen (1969) reviewed the physiology and biochemistry of 
Chrysophyceae in general, but little specific information exists 
concerning the physiology of the Synuraceae. Most studies have dealt 
with analysis of taste and odor production, establishment of growth 
requirements or the relationship of organisms to heavy metal ions. 
Because Synura petersenii is very common, relatively easily grown 
in culture and can be obtained from biological supply houses and 
17 
algal collections, it has been studied almost to the total exclusion 
of other species in the family. 
Establishment of growth requirements and formulation of useful 
growth media have been slow processes and the information is still 
inadequate. Synura uvella was the first member of the Chrysophyceae 
to be raised in pure culture (Pringsheim, 1946). Since then, various 
media and culture conditions have been published. Several species 
of Synura and Mallomonas have been grown in defined media which are 
modifications of the WC medium published by Guillard and Lorenzen 
(1972). These include MWC (Lehman, 1976a; Helle Nielsen, Institute 
for Sporeplanter, University of Copenhagen, Copenhagen, Denmark; 
personal communication), and another formula by Klaveness and Guillard 
(1975). An additional culture medium, DY HI (Lehman, 1976a, 1976b), 
has been used frequently for Chrysophyceae and may be useful for 
Synuraceae (Helle Nielsen, personal communication). Techniques for 
isolating and culturing Synuraceae are described in Stein (1973) . 
Based on dark growth experiments with acetate or glucose. Droop 
(1974) reports Mallomonas and Microglena are probably obligate 
phototrophs. Silica has been shown to be a requirement for Synura 
petersenii (Klaveness and Guillard, 1975) and may be required in 
large amounts in some taxa (Munch, 1972). Vitamins are also commonly 
used in culture media and may be a growth requirement (Provasoli and 
Carlucci, 1974; Allen, 1969; Droop, 1955). 
Various physiological studies have dealt with biochemical 
composition of the cells or the reaction of organisms with metals. 
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Chlorophyll c is reported from Synura sp. (Guillard and Lorenzen, 
1972). Collins and Kalnins (1965a, 1965b, 1967, 1969, 1972) found 
that Synura petersenii exuded carbonyl compounds, aldehydes and 
ketones into water which gave the water a fishy odor (Collins and 
Kalnins, 1965a). Other identified cellular components were alcohols, 
esters and acids (Collins and Kalnins, 1965b), fatty acids (Collins 
and Kalnins, 1967), sterols (Collins and Kalnins, 1969) and amino 
acids (Collins and Kalnins, 1972). Healy and Hendzel (1979) investigated 
phosphatase activity on the cell surface of algae and found Synura 
uvella to have a peak of acid phosphatase at pH 5-6 when induced by 
phosphorous deficiency. Knowles and Zingmark (1978) reported Synura 
petersenii to be quite sensitive to mercury. Synura petersenii has 
also been reported to release an organic compound which complexes 
with copper (McKnight and Morel, 1979). 
Little is known of the reproductive biology in the Synuraceae. 
Harris (1953), Kristiansen (1961) and Bradley (1966b) described cell 
division in the longitudinal axis of the cell for Mallomonas as did 
Fiatte (1965) for Paraphysomonas. Fott (1959) discussed some general 
aspects of sexuality of Chrysomonads but mentioned little concerning 
the Synuraceae. Kristiansen (1961) described three types of copula­
tion in the Chrysophyceae, isogamous gametic copulation, isogamous 
hologamy with apical fusion and isogamous hologamy with caudal fusion. 
Several studies have described copulation in Mallomonas 
(Wawrik, 1960, 1972, 1976; Kristiansen, 1961; Bradley, 1966b) and 
one in Synura (Wawrik, 1970). From these studies the following 
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generalities can be drawn concerning this process. Sexual reproduc­
tion is isogamous hologamy with caudal fusion. Contact is made 
between the posterior ends of the gametes while the flagella remain 
active and the siliceous covering intact. Cellular fusion occurs 
as their axes shorten until the suspected zygote achieves a spherical 
shape. 
Harris (1953) observed four chloroplast lobes in cysts of 
Mallomonas leboimli. Because cyst formation by vegetative cells 
has been observed, copulation apparently is not a prerequisite 
(Cronberg, 1973, 1980b; personal communication). Based on TEM studies 
of sectioned material, Sangren (1978) discussed the occurrence of 
both uninuculate and binuculate cysts which are apparently the 
result of sexual and asexual processes in species of Chrysophycease 
not in the Synuraceae. He found only one nucleus in a cyst of 
Mallomonas caudata. However, since he examined only one cell, our 
knowledge of cyst formation and its relation to the reproductive 
biology of the Synuraceae is still incomplete. 
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METHODS AND MATERIALS 
The Synuraceae require special procedures for their identification. 
Descriptions of the specialized techniques for examining intact cells 
and their small, siliceous scales, particularly for light microscopy, 
are often obscure in the literature and, therefore, are presented in 
some detail here. Methods for collecting organisms and gathering 
environmental data are standard techniques. 
Field Methods 
Phytoplankton samples were collected with a 10 ^ m or 37 ixm mesh 
size planton net and/or as a one liter whole water grab sample. 
Because Synuraceae can sometimes determine their own position in the 
water column (Happey-Wood, 1976), the plankton net was allowed to 
settle as much as 3-4 meters before being drawn in. The whole water 
samples were collected at depths of up to one meter. Since plankton 
organisms are often concentrated by wind action, when possible, collec­
tions were made on the downwind side of the basin water body being 
sampled. Samples near the bottom and shallow water samples less than 
20 cm deep were also found to contain Synuraceae. 
Collections were made in all months of the year and at various 
temperatures and pH regimes. A variety of lentic habitats, lakes, 
reservoirs, marshes and ponds were sampled in the northwest quarter of 
Iowa. Sampling was repeated at those sites and conditions which 
yielded collections rich in Synuraceae. However, no regular sampling 
regime was followed. 
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Field fixation was done at the site immediately following 
collection. The plankton net sample was divided into three equal 
portions. One portion was retained for live wet mount observation. 
The other portions were fixed, one with formalin-glacial acetic acid, 
the other with Lugol-Rodhe solution. A discussion on choice and 
application of field fixatives is presented later. Usually during 
transport to the laboratory, the v/hole water samples and unfixed 
plankton net samples were stored in crushed ice. They were stored 
in a shaded place in the vehicle during the hot summer weather. 
This increased the length of time the organisms remained viable. 
Several environmental parameters were measured. Temperature 
was measured at the time of collection by suspending a water thermometer 
.5 m below the surface from a fishing float. If the water was less 
than .5 m deep, the temperature near the bottom was recorded. Specific 
conductance and pH values were determined from subsamples of the whole 
water samples. Specific conductance was measured immediately upon 
arrival at the laboratory with a Hach conductivity meter, model 2511. 
A Leeds and Northrup 7417 pH/specific ion/mV meter was used to make pH 
measurements at the sampling site, except when severe weather condi­
tions existed. They were then made immediately after returning to 
the laboratory. 
General Sample Preparation 
Upon arrival at the laboratory, the nonfixed samples were 
immediately stored in a refrigerator and subsequently examined using 
phase contrast microscopy. The whole water samples were concentrated 
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by gentle centrifugation, less than 1000 rpm, for 5-10 minutes. 
Winter collections often required decanting, addition of more sample 
and repetition of the process until the sample was sufficiently con­
centrated. Viable organisms were maintained longer if the temperature 
of the concentrated sample was maintained at about the storage tem­
perature, about 5° C. Vials and centrifuge tubes containing samples 
were kept on ice or refrigerated during the examination period. 
Observations were recorded and photomicrographs were taken. Frequently, 
for wet mount observation, samples were fixed in Lugol-Rodhe solution 
or a cupric sulfate solution. After all uses of samples which required 
nonfixed samples (e.g., Nissenbaum's preparations and specific con­
ductance measurements) were completed, collections with suitable 
concentrations of Synuraceae were prepared for detailed study with 
light and electron microscopy. 
Concentrated samples were obtained from a plankton tow or from 
whole water samples which were centrifuged or settled. To prepare a 
sample for centrifugation, 1-15 ml of sample were placed in a 15 ml 
centrifuge tube, centrifuged at 1000-2000 rpm for 5-10 minutes and 
the supernatent poured off. If a more highly concentrated sample was 
desired, such as with winter collections, more sample was added to 
the centrifuge tube, subsequently mixed with the pellet and the 
process repeated until the desired concentration was obtained. Prior 
to each repetition, the pellet was mixed with the added supernatent 
by inverting the tube. Concentration by settling was accomplished 
by adding enough Lugol-Rodhe solution to the whole water sample until 
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it turned a yellow-brown color (Willen, 1962). The organisms were 
allowed to settle at least 24 hours for each 10 cm of vertical height 
of the container. The supernatant was removed with an aspirator or 
by pouring it off. In both methods, the desired density of organisms 
in the concentrated sample was controlled by the level to which the 
supernatent was removed. 
Excluding Nissenbaum preparations, most samples prepared for 
further study needed to be washed tc remove the high inorganic solute 
content present in most of Iowa's waters. High concentrations of salt 
crystals reduced the image quality in both electron and light microscopy. 
Whole water samples and samples obtained with plankton nets of different 
mesh sizes often have a different composition of organisms. Therefore, 
portions of the various samples from the same collection site were 
combined into one sample and subsequently washed to remove the salts 
from the composite sample. 
To wash the samples, the composite sample was concentrated by 
centrifugation as described above, distilled water was added to the 
tube, the pellet was mixed into the distilled water and the process 
was repeated 3-5 times. After the sample had been decanted the last 
time, just enough distilled water was added so that the sample had a 
cloudy appearance. With experience, the desired density of organisms 
was readily obtained through this process. The sample was now ready 
for burned mount, SEM or TEM preparation. 
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Electron Microscopy 
As established earlier in the introduction, the use of the 
electron microscope is usually a requirement for precise taxonomy 
within the Synuraceae. In this study, scales, bristles, intact cells 
or partially dissociated cells were examined with EM. Basically, the 
techniques for electron microscopy followed those outlined by Kay 
(1965), Meek (1976), Gantt (1980) and Horner (1976). The SEM forms 
a three-dimensional image with much depth of field, making it quite 
useful for the examination of surface morphology of scales and bristles 
of the Synuraceae. Critical point drying provides useful, high resolu­
tion images of intact cells when viewed with SEM. TEM, with its higher 
resolving power and deeper penetrating electrons, yields more 
taxonomically useful information from scales and bristles. Partially 
dissociated cells sometimes yield valuable morphological data when 
observed with TEM or SEM. 
Other EM techniques were attempted before coming to the con­
clusions above. Intact cells are electron dense and form a silhouette 
when viewed with TEM. Carbon replicas with metal shadowing were made 
of a few samples and examined with TEM. Direct examination of scales 
and bristles with TEM proved more useful than TEM of replicas or SEM. 
TEM of replicas of scales was considered an inferior technique because 
it provided no new information, yet required extensive specimen 
preparation. Direct observation of scales with TEM is superior to 
SEM examination because the TEM has superior resolving power. In 
addition, most contemporary literature includes TEM micrographs. In fact. 
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the scales of some taxa such as Mallomonas tonsurata var. alplna and 
M. tonsurata var. tonsurata are difficult to distinguish with SEM. 
However, SEM is currently in wide use by phycologists and SEM micro­
graphs are provided here for that reason. However, it is difficult 
to interpret the relationship between the TEM micrographs common in 
the literature and those provided by SEM. Shadowcasting makes a more 
aesthetically pleasing image and makes observance of the scales of some 
of the smallest taxa somewhat easier. However, this technique does not 
increase the resolving qualities of the TEM and was used on only a 
few samples. Shadowcasting of scales and bristles would be useful 
in a careful examination of the nanoplanktonic Synuraceae. 
Samples examined with TEM were prepared by placing the washed 
sample on a 200 mesh, Formvar coated, copper grid. The grids were 
coated with Formvar as described by Horner (1976) and Meek (1976) 
and then coated with a carbon film in a vacuum. Washed samples were 
transferred to the grid following the technique of Moestrup and 
Thomsen (1980). The grid was supported at the edge by double stick 
tape protruding 2-5 mm from between two microscope slides. A 23 cm 
(9 inch) disposable, glass pipette was formed into a capillary 
pipette over a flame. The washed sample was transferred onto the 
supported grid with the pipette and allowed to air dry. Finally, the 
grids were examined with a light microscope at high magnification 
(about 430x) to check that the sample contained the desired specimen 
density. More sample was added if necessary. 
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The specimens were then ready to be examined directly with TEM 
or prepared further with carbon replication and/or shadowcasting. 
Shadowcast preparations followed the procedure described by Moestrup 
and Thomsen (1980), Meek (1976) and Bradley (1965). Chromium, gold-
palladium, or platinum-palladium alloys were used. Much of the early 
work on carbon replicas with metal shadowing was done with the 
Synuraceae (Bradley, 1957; Harris and Bradley, 1957). The technique 
employed in this study followed that of Wiemers (1974), Koppen (1975) 
and Horner (1976), which is a modification of Bradley's method (1965). 
The specimens were examined at 50 KV with an Hitachi H-llC or a Jeol 
JEM-T7 transmission electron microscope at the Bessey Hall EM Facility, 
ISU, or at the Institute of Plant Anatomy and Cytology, University of 
Copenhagen, Denmark. 
Samples containing scales for SEM observation were prepared by 
placing an appropriate amount of washed sample on a stub. If the 
sample did not disperse over the entire stub, distilled water was 
added until the bead of water covered the stub. All samples were air 
dried and coated with either a thin layer of gold-palladium in a 60/40 
ratio with a Varian VE-30 vacuum evaporator or with approximately 300 X 
of gold in a Polaron E 5100 sputter coater. The samples were then 
observed with a Jeol JSM-25 or Jeol JSM-35 scanning electron microscope 
at 15 or 20 KV. 
A few samples containing Synuraceae were processed to maintain 
the cell shape for examination with SEM. The samples were prepared 
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for critical point drying using the procedure outlined by Pickett-
Heaps (1980) or a modification of it. 
The important consideration in Pickett-Heaps method is that the 
algae are not allowed to be exposed to evaporation as this will 
distort the cells. With this technique the fixed sample is poured 
into a millipore filter apparatus where the flow of the fluid through 
the filter is controlled by gentle suction via a vacuum line connected 
to a pump or an aspirator. Although Pickett-Heaps recommends a 1.5 fxm 
pore size filter, I found 5 fxm pore size adequate for Synuraceae. 
All succeeding rinsing and dehydration steps are accomplished the 
same way. 
A modification used at the Institute of Plant Anatomy and 
Cytology, University of Copenhagen, worked well on Synuraceae. The 
fixed sample was centrifuged at 2000 rpm for 2 minutes, all of the 
supernatent poured off to the level of the pellet and the 5-10 ml 
of the next solution added. The sample was allowed to sit for 6 
minutes before the process was repeated. This worked well for all 
steps in the process (e.g., rinsing, dehydration, etc.). The final 
solution (acetone, alcohol, Freon, etc.) should be changed at least 
three times to insure the desired concentration has been attained. 
After the addition of the final solution, the pellet was mixed and 
placed with a glass pipette on a milipore filter containing a thin 
layer of the final solution. The rest of the procedure is the same 
as in Pickett-Heaps method. The advantage here is that this technique 
yields satisfactory results, yet because the centrifuged material is 
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placed directly on the filter, only very small amounts of sample are 
required. The filter is critical point dried using standard equipment. 
Light Microscopy 
The light microscope was used for three functions in this study; 
(1) to observe living or fixed wet mount preparations, (2) to observe 
permanent slides with scales and bristles dissociated from cells, 
(3) to observe permanent slides with intact cells. Many of the 
Synuraceae have features that are difficult to see with ordinary 
bright field microscopy. Flagella, scales and bristles as well as 
intact cells of Spiniferomonas and Paraphysomonas are very difficult 
to observe due to lack of contrast. Contrast and, therefore, visibility 
can be increased by optical means and/or by specimen preparation methods. 
For observation of temporary preparations of living or fixed specimens, 
optical methods such as phase contrast or interference contrast 
microscopy were used. A Leitz phase contrast microscope with lOOX 
and 430X objectives and an oil immersion objective with an N.A. of 
1.3 was used here. To increase contrast for permanent preparations, 
a mounting medium with a large difference in refractive index from 
that of the specimen was used. Nissenbaum's fixative and adhesive 
were used to make permanent slides of intact cells. Burned mount 
preparations were used to observe dissociated scales and bristles . 
Because some descriptions of the techniques listed above are obscure 
in the literature, they are described here in detail. 
Since the structures observed in this study were frequently at 
or beyond the limitations of the light microscope, various considerations 
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were taken into account to optimize image quality. Choice of an 
appropriate mounting medium provided one method for enhancing contrast 
and resolving power. Therefore, several media were investigated for 
each technique, considering factors such as specimen composition and 
thickness and others of a more practical nature. Prescriptions of 
the various mounting media which were considered are in Appendix A. 
Differences in contrast are proportional to the product of the 
specimen's thickness and the difference in refractive index between 
the specimen and the mounting medium (Meynell and Meynell, 1970). 
Contrast and thus visibility of the specimen are optimized when an 
appropriate difference exists between the refractive index (RI) of 
the specimen and that of the mounting medium. Accordingly, diatom 
specialists prefer mountants with an RI over 1.70; for example, 
Hyrax, Naphrax and Pleurax. For the same reason, the siliceous scales 
and bristles of Synuraceae (RI is approximately 1.5) are more visible 
when mounted in these mountants. Most mountants employed for most 
plant material have an RI of about 1.48 - 1.60 (e.g., euparol, permount, 
piccolyte and Canada balsam). This is because the RI of the siliceous 
scales is nearly the same as that of the mountant. When air (RI = 1.0) 
is the mounting medium, the greatest difference in RI exists between 
the siliceous scales and the mountant surroundings. 
The other important consideration for proper contrast is the 
thickness of the specimen (Meynell and Meynell, 1970). When additional 
contrast is induced optically, such as with phase-contrast microscopy, 
thicker specimens have blurred images. For example, the images of 
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thickly silicified valves of freshwater diatoms are poor when mounted 
in Hyrax and viewed with phase-contrast microscopy. On the other 
hand, the siliceous scales of Synura uvella and Mallomonas insignis 
form optimal images when prepared and examined as above. The images 
of the thinly silicified scales of Synura petersenii and Paraphysomonas 
vestita are optimal when mounted in air. Phase contrast microscopy 
and a difference of 0.5 between the refractive index of silica and 
air provides the largest and most useful amount of induced contrast. 
Several factors must be considered before finalizing the procedure 
for burned mount preparations of scales. The quality of the microscope 
is very important. Even the best preparation will not provide an 
optimal image if the microscope is of poor quality. Specimens 
mounted in Hyrax or Naphrax form a bright image on a dark background, 
while specimens mounted in air appear dark with a light background. 
The latter appears more natural and pleasing to the eye in many cases. 
Air mounts are superior for routine examination because they permit 
more detail to be seen on the difficult, smaller taxa. The slight 
degradation in the image of the larger, thicker scales in air mounts 
is not enough to prevent precise identification. Preparations with 
mountants of a high refractive index (Naphrax, Hyrax and Pleurax) 
have the added advantage of being less easily damaged. Also, because 
the medium is firm, herbarium specimens can be marked using a diamond-
pointed circler. 
If a phase-contrast or interference-contrast microscope is not 
available, an alternate staining technique is available for use with 
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bright field microscopy. Jensen's stain (Nichols, 1978; Petersen and 
Hansen, 1961) has been used successfully with scales of Synuraceae 
to increase contrast. However, the scales and bristles illustrated 
by Nichols (1978) are a poor choice to prove the point because they 
are of a large, easily identified species, Mallomonas caudata. When 
I attempted the technique with Mallomonas striata scales, I found 
my preparations to be of poor quality. In general, I prefer using 
the simpler optical methods over staining methods. 
Specimens mounted in Naphrax provided the best images of intact 
cells. Preparations using Hyrax did not dry unless the solvent was 
driven off by boiling, which harmed the specimens. Preparations 
mounted in Naphrax can be dried completely on a warming tray at 60° C 
for three to seven days. 
Nissenbaum's technique 
Nissenbaum's solution (Nissenbaum, 1953) simultaneously fixes 
and attaches flagellated and ciliated microorganisms to glass microscope 
slides. Although cells of Synuraceae are easily distorted by many 
fixatives as well as mild environmental changes, I found this method 
particularly useful because it preserves the natural cell shape. 
Staining methods for flagella and cytology can be incorporated into 
the procedure. However, I omitted these steps and only used the 
procedure for examination of cell morphology. 
Procedure: 
Just prior to use, mix the following solution: 
32 
10 parts Mercuric Chloride (HgCl2) saturated in distilled 
water 
5 parts concentrated tertiary butyl alcohol (TBA) 
2 parts concentrated glacial acetic acid (GAA) 
2 parts concentrated formalin (37-40% Formaldehyde) 
Place a large drop of culture or of concentrated fixed or fresh 
sample on a microscope slide. Draw the fixative-adhesive solution 
into a pipette and hold it about 2 cm above the drop of sample- From 
this distance slowly drop one drop of the fixative-adhesive onto the 
sample. After the currents have disappeared, in about 5-15 seconds, 
drain the slide onto a paper towel by tipping it up at a 45° angle. 
The lower end of the slide should be touched to the towel to remove 
the last portion of fluid. Next place the slide in a solution of 
70% iodinized alcohol for about 30 seconds. (lodinized alcohol is 
prepared by adding enough Lugol's solution to 70% ethyl alcohol (ETCH) 
to turn the solution a dark gold color.) The preparation may now be 
dehydrated in a standard ethyl alcohol sequence of 70%, 85%, 95%, 
100% ETCH followed by concentrated xylene. A time interval of about 
15 seconds to several minutes for the slide to be immersed in these 
solutions provided satisfactory results. The cover slip is mounted 
using Naphrax as the mounting medium and wanned on a warming tray for 
three to seven days. This technique provided permanent slides of 
intact cells of Synuraceae in a mounting medium with a high RI. 
They can be examined with bright field or phase-contrast microscopy 
depending upon whether the observer wishes to view details of the 
scales or general cell morphology. Herbarium specimens can be 
prepared and then designated with a diamond-pointed circler, 
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While this technique is generally satisfactory, problems have 
occurred. The largest problem has to do with the adhesive nature 
of the solution. Tertiary butyl alcohol (TBA), the adhesive agent 
in the solution, solidifies at 20° C and, therefore, must be stored 
in a warm place. Temperature seems to be critical to the technique, 
which must be used when the ambient temperature is above 20° C. 
When this is not possible, it becomes advisable to place all of the 
solutions of the dehydration sequence as well as the Nissenbaum's 
solution on a warming tray set at 30° C. However, unless the ambient 
temperature is very cool, the process of fixing and adhering the sample 
to the slide can be done on an adjacent laboratory table. This is 
not a quantitative technique because frequently some of the organisms 
fail to adhere. 
Another perplexing problem is that organisms in the sample tend 
to aggregate on the slide, making it difficult to observe their 
morphology. This tendency can be reduced by changing the distance 
the pipette is held above the slide or by spreading the drop of sample 
into a larger diameter. Another method is to drain the slide at about 
a 20° angle before the currents have stopped, spreading the organisms 
down the slide. 
It should be noted that mercuric chloride is a relatively hazardous 
compound. When it was omitted from the solution, the results were 
inconsistent. Sometimes the cells were fixed well, at other times 
they ruptured. I elected to continue using it following standard 
laboratory safety procedures. 
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Nissenbaum (1953) recommended completely flooding the slide with 
fixative-adhesive solution after applying the initial drop. However, 
I found this washed most of my samples off the slide. 
Staining techniques can be incorporated into the technique. 
For example, a flagellar stain such as water soluble Nigrosin can 
be incorporated into the procedure by raising the proportion of TBA 
in the Nissenbaum's solution to 10 parts and adding 1-2 parts of 
formol-Nigrosin. Formol-Nigrosin is prepared by adding 4 grams of 
water soluble Nigrosin stain and 20 ml of concentrated formalin to 
100 ml of distilled water (Dr. John Farmer, University of Oklahoma, 
personal communication). A classical nuclear and cytological stain, 
Harris' Haematoxylin (Meyer and Olsen, 1971) can be used with this 
technique. Staining was accomplished by inserting the following 
between the 70% and 85% ETCH in the dehydration sequence. The procedure 
is: stain 15 minutes to 3 hours with Harris' Haematoxylin, decolorize 
in acidified 70% ETCH, immerse 15-30 seconds in potassium acetate-70% 
ETOH. Complete the dehydration sequence as described above. 
Burned mount technique 
Preparations for critical light microscope examination of scales 
and bristles were made by a burned mount technique not much different 
from those of Korshikov (1929), Fott (1957) and Kristiansen (1979b). 
Clean cover slips were placed on a 1/4 inch rolled steel plate. An 
appropriate amount of concentrated, washed sample was placed on the 
cover slip and distilled water was added and mixed until the material 
was dispersed evenly throughout the entire cover slip which was then 
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air dried. The steel plate with cover slips was heated for 3 hours 
at 550° C in a muffle furnace to oxidize the organic matter in the 
sample. Higher temperatures cannot be used because silica melts at 
600° C. When a muffle furnace was not available, the preparations 
were heated on a hot plate at high temperatures less than 600° C 
for extended time periods to partially remove organic matter. The 
cover slips were then mounted on microscope slides using Naphrax or 
Hyrax according to directions provided by the manufacturer and as 
air mounts. 
Air mounts were prepared by placing a small drop of fingernail 
polish, about 2 mm in diameter, on each corner of a cover slip which 
had the specimen side turned up. The nail polish was applied with a 
toothpick, allowed to dry until it was tacky, then the cover slip 
was inverted onto a microscope slide. To prevent destruction of the 
preparation by immersion oil, the cover slip was ringed with nail 
polish. To insure that capillary action did not draw the nail polish 
under the cover slip, destroying the preparation, a small amount of 
nail polish was allowed to dry to a thick viscosity before being 
brushed along the side of the cover slip. 
In the future, I will probably use Naphrax rather than Hyrax as 
the mounting medium for this type of preparation. Naphrax is cheaper, 
has a slightly higher refractive index and can be used in Nissenbaum 
preparations. However, I was not aware of the existence of Naphrax 
until this study was near completion and continued using Hyrax to 
maintain consistency. Both mounting media can be used for herbarium 
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slides which have specimens designated by marking the cover slip 
with a diamond-pointed circler. 
Fixation for light microscopy 
Field studies with members of the Synuraceae are difficult 
because most species are rather delicate and die within hours of 
collection. Obviously a good field fixative would enable more 
effective work to be done. Ideally, a fixative should maintain the 
natural morphology and color of the organism without causing major 
cytological distortion. 
During the course of this research, a number of fixatives were 
utilized. They are listed in Appendix B. Of the fixatives experimented 
with, formalin-glacial acetic acid (FG) served this function best. 
Yet it had the distinct disadvantage of aggregating the debris and 
organisms and floating them to the surface of the sample vial. Some­
times, over a period of several months, this characteristic disappeared. 
FG preserved material was used successfully for preparing slides using 
the Nissenbaum technique with Harris' Haematoxylin. The preparations 
made excellent slides with little cytological distortion as observed 
with a light microscope. However, for flagellar staining of wet 
mounts or concentration by sedimentation, Lugol-Rodhe solution 
provided the best results. Therefore, each plankton net sample was 
divided into three portions, one for live, nonfixed wet mount observa­
tion; one for preservation with FG; and one for preservation with 
Lugol-Rodhe solution. 
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Two fixatives were used for immediate light microscope examina­
tion of wet mount preparations. A concentrated cupric sulfate solu­
tion did an excellent job of killing organisms while maintaining 
their natural morphology. Lugol-Rodhe solution was an excellent 
fixative for observing flagella. 
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RESULTS AND DISCUSSION 
This study began in October, 1976, and continued through June, 
1980. Although most of the micrographs and information reported here 
are of recent collections from Iowa, data and micrographs from previous 
Iowa collections (Wee, 1976; Wee £it , 1976) as well as from Missouri, 
Wyoming, Michigan, Denmark, Sweden, and West Germany have been used to 
clarify the keys and add information on taxa reported from Iowa. 
The floristic information reported earlier has been updated and 
expanded to include reports of two new genera to Iowa and many more 
species and varieties (Table 3). The locations of the collection 
sites are presented in Appendix C, The physical and chemical data 
for the collections are presented in Appendix D. 
Descriptions and other pertinent information for genera, species, 
and varieties reported from Iowa follow. Reports on the geographical 
distribution of a taxon are based only on identifications using electron 
microscopy. Abstracts and other reports without electron micrographs 
are not included. Cell measurements do not include bristles and 
spines, only the cell itself. Measurements of curved structures such 
as bristles are from end to end and do not take the curvature into 
account. In the descriptions and keys, measurements are given to the 
nearest one-half fxm, except on small, nanoplanktonic forms, e.g., 
Paraphysomonas bandiensis. These measurements include those from the 
literature as well as my own. When enough information exists, 
identifications are made to the variety level. When information for 
variety determination is lacking, i.e., bristle morphology, 
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identifications are made to species. For those taxa identified to 
species, identifications should not be assumed to be of the nominate 
variety unless specified. 
An explanation of the terminology appropriate to the entire 
family follows or is illustrated in Figures 1-30. Terms which are 
pertinent only to a certain genus or species are explained later. 
The species within a genus are artificially grouped on the basis of 
scale morphology, as presented in the literature, with minor modifica­
tions. All descriptions of species are illustrated as completely as 
possible with micrographs. Types of micrographs include SEM of scales 
and cells, TEM of replicas of scales, TEM of direct preparations of 
scales, PCM of cells in wet mounts and Nissenbaum preparations, and 
PCM of burned mounts of scales. A key to the genera of Synuraceae 
with associated diagrams to the various types of siliceous coverings 
is provided in Appendix E. Keys to all known species which have been 
described on the basis of electron microscopy are in Appendix E. 
Terminology, Variability, and the Concept 
of Genus and Species within the Synuraceae 
As noted earlier, members of the Synuraceae are separated on the 
basis of plant body type, flagellation, and the morphology of the 
siliceous structures which form a lorica around the cell. These • 
siliceous structures are unique to the Synuraceae and their terminology 
has become specialized. Additionally, these terms are often confusing 
since the same structure may be referred to by several different words 
in different places in the literature. The terms used here are 
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discussed in some detail, and illustrated in Plates I-III. Variability 
of scale morphology is explained in reference to species and genera 
concepts in the family. 
The term scale, as used here, refers to any siliceous structure 
which lays adnate on the surface of the cell. A variety of scale 
types common to the Synuraceae are illustrated in Plates I-III. The 
basal portion of the scale which is attached to the cell is the base 
plate. The side of the base plate which contacts the cell is the 
inner side. The outer side of the base plate has attached to it, 
various siliceous structures, V-rib, spines, papillae, etc., which 
form the characteristic ornamentation of the species. The proximal 
(basal) end of the scale is overlapped by neighboring scales. The 
distal end of the scale is frequently domed and may or may not have 
spines. In Figures 1-30 the portion of the scale oriented towards 
the top of the page is the distal end. 
Two different kinds of long, pointed projections, spines and 
bristles, are often associated with the scales. Bristles (Figures 12-
15, 33, 54, 84) are not permanently fastened to the scale and usually 
become disarticulated from the scale when the organism dies. Figures 
33, 54, 84 demonstrate bristles attached to a cell (Figure 54) and 
scales (Figures 54, 84). They are restricted to the genera Mallomonas 
and Mallomonopsis. Spines (Figures 10, 11, 16-20, 24, 27, 28, 40, 
165-167, 184, 197, 211, 224) are fused to the scale and do not 
disarticulate when the organism dies. Spines are attached either in 
the middle or on the margin of the scale. Spines are present in all 
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six genera. In many places in the literature scales with attached 
spines of Chrysosphaerella, Splniferomonas, and Paraphysomonas have 
been referred to only as spines. However, to maintain consistency 
and reduce confusion, the scale is defined as that structure which 
lays adanate on the cell, and the spine is the long protrusion 
extending from it. 
Several morphological scale types may be present on an individual 
cell and are distinguished on the basis of their shape, size, and 
position on the cell. A single scale type occurs on cells of some 
species, i.e., Mallomonas acaroides (Figures 33, 34) and Mallomonas 
striata (Figure 53), while several distinctly different scale types 
may be present on the cells of others, for example Mallomonas doig-
nonii (Figures 93, 95, 97). Conversely, a gradual transition in form 
from one scale type to the next may be present as in Synura echinulata 
(Figure 181) . Scale shape may also be related to an apparent structural 
function. The rounded dome on some scales in Mallomonas tonsurata 
(Figure 66) serves as an attaching point for the bristles. In this 
taxon, non-domed scales do not bear bristles (Figure 70). However, in 
other species, such as Mallomonas caudata (Figure 139) and Mallomonas 
teilingii (Figure 144), where domed scales are lacking, some non-domed 
scales may bear bristles. Non-domed scales are usually smaller than 
domed scales on an individual cell. In the genera Spiniferomonas, 
Paraphysomonas, and Chrysospherella, more than one scale type may be 
present. In these genera, the scale type is not correlated to its 
position on the cell and may be found on all portions of the cell. 
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The portion of the cell near the flagella is termed anterior, 
while the portion opposite the flagellum is termed posterior. In 
many species where more than one type of scale is present, the anterior 
scales may be domed and bristle bearing, non-domed and bristle bearing, 
or spined. If they form a collar around the flagellum (Figures 91, 92), 
they are called collar scales due to their distinct morphology (Figures 
4, 97). Body scales are located on the median portion of the cell 
(Figure 95). In Synura, spines of body scales are shorter than those 
on the anterior scales (Figure 181). In some Mallomonas species, 
body scale shape is quite variable. Posterior scales often are 
relatively small, often spined, and frequently do not show well the 
characteristic ornamentation for a species. 
Because scale morphology is the major taxonomic characteristic 
in this family, variability of scale morphology must be understood 
before concepts of genera and species can be developed. As described 
above, scale morphology frequently varies according to the position 
of the scale on the cell. This variation is usually one of shape, not 
of ornamentation. Surface ornamentation, ribs, perforations, papillae, 
etc., are relatively consistent for all of the scales on the cell and 
are the basis of the taxonomy. 
One exception to this rule considers size. The smaller a scale 
is for a given species, the less developed the ornamentation is, even 
when observed at high magnification. This characteristic is best 
exemplified by the posterior scales of species of certain Mallomonas 
and Synura species. The narrow end of the Synura cells, where the 
A3 
cell is attached to the colony, frequently has the smallest scales 
of the size range for the species as is shown in Synura echinulata 
(Figure 181). Synura curtispina (Figures 174-180) has a gradation 
of scale size which also shows this feature well. The transverse 
ribs typical of Mallomonas doignonii are less developed on the posterior 
spined scales (Figure 93). 
Scale morphology varies within a species and may also vary over 
time within a population. Several authors have attempted to explain 
this variation with observational evidence. They stated that some 
of these aberrant forms came from juvenile cells or were still in the 
process of being formed when the cell died (Harris, 1953, Harris 
and Bradley, 1960). Harris (1970a) also speculates that rapid cell 
division may cause aberrant cells to be formed. It is possible that 
some features of scale or bristle morphology may be related to 
environmental condition (personal observation). 
It is obvious that a whole system of taxonomy has been based 
upon scale morphology with little understanding of variation of scale 
morphology, other than from observational evidence. I agree with 
Harris (1967) that unialgal culture studies should be carried out to 
investigate this variability. 
Mallomonas Perty 
Organisms in the genus Mallomonas are unicellular, free-living, 
and usually live in fresh water. An individual cell usually has 
spines and/or bristles. An organism may have only one scale type 
as in Mallomonas acaroides (Figures 31-37) or several types depending 
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upon their position on the cell as in Mallomonas doignonii (Figures 
91-98). Cell shapes vary and may be nearly spherical or teardrop-
shaped or capsule-shaped. The chloroplasts vary from golden brown 
to pale green in color. The cells appear uniflagellated as observed 
with LM. Some authors (Peterfi and Momeu, 1976; Belcher, 1969) 
place the biflagellated genus, Mallomonopsis, within Mallomonas. I 
feel this is premature based upon current evidence and will keep them 
separate. For a discussion of this subject, see the section on 
flagellar apparatus in the literature review. 
Taxonomically, Mallomonas is the most difficult genus in the 
Synuraceae. It has several times as many species as any of the other 
genera and many of them are difficult to differentiate, even when EM 
observations of scales are made. As in the rest of the family, scale 
morphology is considered a primary taxonomic feature. Major taxonomic 
works based on light microscopy have been presented by Conrad (1927, 
1933), Krieger (1930), Huber-Pestalozzi (1941), and Bourrelly (1957). 
Although several authors have published important papers which used 
EM as the basis for taxonomy, there is no single comprehensive taxonomic 
treatment based upon electron microscopy. Takahashi (1978) has 
assembled a comprehensive treatment of the family which includes many 
Mallomonas species. 
Several related attempts have been made to organize Mallomonas 
into smaller, morphologically similar groups of species (Harris and 
Bradley, 1960; Peterfi and Momeu, 1976; Takahashi, 1978). All of 
these are modifications of the system proposed by Harris and Bradley 
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(1960) and are based mostly on scale morphology. Takahashi's system 
follows that of Harris and Bradley quite closely, while Peterfi and 
Momeu include Mallomonopsis within Mallomonas. The organization used 
here (Appendix E) follows Harris and Bradley closely, yet incorporates 
a few suggestions from Peterfi and Momeu (1976) and Takahashi (1978) 
as well as some of my own interpretations. 
Both Harris and Bradley (1960) and Takahashi (1978) list four 
major species complexes or series and some additional isolated species 
in Mallomonas. These series are based upon characters which are 
observable with the light microscope and which have been verified with 
EM (Harris and Bradley, 1960). I have used three series and some 
additional isolated species, combining the Quadratae within the 
Torquatae. Although he did not organize his taxa in this way, 
Takahashi (1978) suggests this arrangement based upon evidence that 
there are only a few taxa in the Quadratae and these are similar to 
the Torquate, while Mallomonas grata is an intermediate form between 
the two series. Descriptions of the series are incorporated into the 
key (Appendix E). A brief discussion of each series follows later. 
Peterfi and Momeu (1976) and Harris and Bradley (1960) divided one 
large series, the Tripartae, into smaller units called groups. 
Based upon EM observations of scales, I arranged each of the 
three series into subunits called groups which are species complexes 
whose scale morphology is quite similar. Because most Synuraceae 
are very cosmopolitan, the species in a group should be compared when 
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making an identification. Keys to the groups within a series and 
species within groups are in Appendix E. 
Series Tripartae: 
This is the largest, most complex series in Mallomonas. The 
V-rib, shield, and flange are quite distinctive and can usually be 
observed with PCM. Groups are mainly delimited on the basis of 
flange, shield, and dome morphology, which may or may not be observed 
with PCM. I have divided the series into four groups; acaroides, 
striata, intermedia, and papillosa. Keys to the groups and species 
within each group are in Appendix E. 
Two taxa, M. acaroides and M. pseudocoronata, were identified 
from Iowa in the acaroides group. M. pseudocoronata is so distinctive 
that it can be easily identified by cell or scale morphology with the 
light microscope (Figures 235, 238, 245-250). M. acaroides is also 
relatively distinct at the species level with PCM (Figures 251-253). 
The broad scale with dome, V-rib, and rim is easily observed. With 
proper specimen preparation, the struts can be seen with PCM. Since 
shield ornamentation is not observable with PCM, it may be difficult 
or impossible to separate this taxon from M. crassisquama or M. 
zellensis. Even with EM, M. crassisquama is sometimes difficult to 
distinguish from M. acaroides because the reticulate shield ornamenta­
tion of M. crassisquama intergrades with M. acaroides. Cronberg and 
Kristiansen (1980) separate these taxa by the presence of spined, 
asymmetrical, posterior scales on M. crassisquama. This feature may 
prove useful with PCM as well. 
47 
Four taxa in the striata group have been identified from Iowa; 
M. striata, M. striata var. serrata, M. cratis var. cratis, and M. 
Gratis var. asmundiae. M. striata is easily separated from M. cratis 
with EM. With PCM it is doubtful if these species could be separated 
consistently. However, I believe some scales can be identified 
precisely when PCM specimen preparation technique is optimized. The 
dome, V-rib, and flange of both taxa can be seen. M. cratis (Figures 
259-261) frequently has a more rounded V-rib and notched dome than 
M. striata (Figures 254-257). The asymmetrical scales in Figure 256 
also are more indicative of M. striata. The struts present in Figure 256 
are not observable with enough consistency to be used as a taxonomic 
characteristic. M. flora differs from M. cratis only by a "flower," 
which is a minor difference of the proximal shield ribs. It is 
doubtful if this species will retain its current taxonomic status 
(Kristiansen, 1978). If it is kept as a species, it will be impossible 
to distinguish it from M. cratis with PCM. 
Two taxa from the intermedia group were observed from Iowa; 
M. tonsurata var. tonsurata and M. tonsurata var. alpina. The taxonomy 
of this group is confusing, relative to the rest of the genus since 
a great deal of importance is placed on bristle morphology to distinguish 
species. No where else in Mallomonas is this characteristic used With 
such emphasis. Asmund and Hilliard (1961) state in their original 
description of M. corymbosa that "M. corymbosa is closely related to 
M. tonsurata and might be considered a variety of that species." 
Based upon evidence in the current literature, the present findings 
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for M. tonsurata and its variety, and observations of similar taxa 
collected from Michigan, I feel this group is insufficiently known 
and should be studied further. Both field and culture studies would 
help determine which characteristics allow taxonomic consistency. 
Three taxa in the papillosa group were identified from Iowa; 
M. papillosa var. papillosa, M. annulata var. annulata, and M. pillula 
var. pillula. As a group, both the cells and scales are quite small 
and, therefore, difficult to observe with light microscopy. I 
observed no scales or cells with PCM. 
Mallomonas acaroides Perty em. Iwanoff 
EM Figures 31-37 
LM Figures 251-253 
Original Description: Perty, 1852. pp. 170-171. Plate XIV, Figure 19. 
Iwanoff, 1899. p. 249. Figures 1, 2, 3. 
Critical Reference: Fott, 1962, pp. 69-79. Plates I-III, Figures 2-4. 
Synonym: Mallomonas plossii Perty. 
Geographical Distribution: Sweden (Cronberg, 1980a; Cronberg and 
Kristiansen, 1980), Denmark (Asmund, 1959), England (Harris and 
Bradley, 1960; Kristiansen, 1979a), Netherlands (Wujek and Van Der 
Veer, 1976), Iceland (Bradley, 1964), Rumania (Peterfi, 1965a; 
Peterfi and Momeu, 1976), Bulgaria (Kristiansen, 1971), Czechoslovakia 
(Fott, 1955, 1962), USSR (Balonov and Kuzmin, 1975a; Balonov, 1976a), 
Japan (Takahashi, 1978), USA (Wujek and Hamilton, 1973; Wee et al., 
1976), Canada (Kristiansen, 1975a; Puytorac al• > 1972). 
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Description: Cells oval to elliptic, 10-30 fxm x 7-18 ^ m. Slightly 
curved bristles projecting from most scales (Figure 33). Scales with 
dome, V-rib, struts, and rim. Holes in base plate prominent. Struts 
may furcate (Figure 36). Shield ornamentation variable, with a few 
ribs projecting from the V-rib (Figure 37; Fott, 1962, Plate I, 
Figure d) or more extensive (Figures 34-36) or forming a nearly 
reticulate pattern (Peterfi and Momeu, 1976, Figure 73; Bradley, 
1964, Figure 7). Hood pronounced. Scales 4-7 fxm x 3-5 (xm. Bristles 
morphology variable, serrate (Fott, 1962) or helmet (Figure 33). 
Bristle length up to 35 (xm (Fott, 1962). 
Discussion; Several varieties have been described, mostly on the 
basis of bristle morphology (Asmund, 1959; Harris and Bradley, 1960; 
Fott, 1962; Peterfi and Momeu, 1976). I rarely saw scales with 
identifiable attached bristles. Kristiansen (1971), Asmund (1959, 
personal communication), and Wee (1976) cite evidence that there may 
be a gradual transition in bristle morphology between varieties 
possibly related to a seasonal variation. For these reasons determina­
tion of varieties has not been made here. 
Mallomonas pseudocoronata Prescott var. pseudocoronata 
EM Figures 38-44 
LM Figures 235, 238, 245-250 
Original Description: Prescott, 1944. p. 363. Plate III, Figure 18. 
Critical Reference: Asmund and Hilliard, 1961. pp. 242-245. Figures 2-8. 
Geographical Distribution: USA (Asmund and Hilliard, 1961; Wujek and 
Hamilton, 1972; Wee £t , 1976; Marquis, 1977). 
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Description: Cells oval-elliptical, 16-35 fim x 7-25 jim (Figures 235, 
238). Delicate slightly curved bristles spread over cell surface 
(Asmund and Milliard, 1961; Figures 235, 238). Corona of scale 
projects away from cell surface giving cell an irregular outline. 
Cluster of spines projects from cell posterior. Body scales (Figures 
38, 39, 42, 44) with extended corona, V-rib, struts, and flange with 
rim. Shield ornamentation on base plate appears reticulate with TEM 
(Figures 38, 39) or appears as a secondary layer with depressions or 
holes in replicas or SEM. A small dome is present (Figures 42-44). 
Posterior spine scales (Figures 40, 41, 43) with ornamentation similar 
to body scales except they are smaller and longitudinally asymmetrical, 
corona is reduced, and shield ornamentation on base plate is sometimes 
less expansive. Scales of similar symmetry without spines also present 
(Asmund and Hilliard, 1961; Figures 246, 249, 250). Scale morphology 
intergrades between "typical" body scales (Figures 38, 39) and "typical" 
spined scales (Figure 40). 
Discussion: This species is easily identified by cell or scale 
morphology with the light microscope. Prescott (1944) gives a much 
larger cell length range (48-50 pm) than reported here or by Asmund 
and Hilliard (1961); possibly spine length was included in his measure­
ments. They were not included here. Cell (Figures 235, 238) and 
scale morphology (Figures 245-250) distinctive to species level with 
light microscopy. 
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Mallomonas cratis Harris and Bradley var. cratis 
EM Figures 45-46, 49-52 
LM Figures 259-261 
Original Description: Harris and Bradley, 1960. pp. 762-763. 
Figures 18-20, Plate III, Figures 18, 23, 24, 
26, 27. 
Critical Reference: Peterfi and Momeu, 1976. p. 364, Figures 125-130. 
Geographical Distribution: Sweden (Cronberg and Kristiansen, 1980), 
England (Harris and Bradley, 1960; Harris, 1967), USSR (Balonov, 1976a, 
1978a), Rumania (Peterfi and Momeu, 1976), USA (Wujek £t £1., 1981), 
Japan (Takahashi, 1978). 
Description: Cells, 17-33 (xm x 12-20 pim, ovoid, approximately twice 
as long as wide, extensively covered with bristles (Harris and Bradley, 
1960; Peterfi and Momeu, 1976). Scales, 5.5-7 ^ m x 2.5-3 ^ m, with 
dome, V-rib, rim on the flange, wings with oblique ribs (Figures 45, 46). 
Numerous, closely spaced transverse shield ribs, which may be incomplete 
on the proximal portion of the shield (Figures 45, 46) or furcate near 
the V-rib (Wujek e^ £l., 1981, Figure 3; Balonov, 1976a; Cronberg and 
Kristiansen, 1980, Figure 3H). Several holes in the baseplate usually 
present near proximal end of shield. Approximately 18-25 struts 
(Figures 45, 46, 51, 52). Small teeth-like ribs project onto the' 
shield at the proximal end of the V-rib (Figures 45, 46). Dome ribs 
regular, linear, angular, or U-shaped. Dome frequently with conspicuous 
U-shaped indentation on the proximal, inner side. Bristles, 6-15 ^ im. 
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serrate, curved, blunt ended (Figures 49, 52). Inner surface smooth, 
unornamented (Figure 49). 
Discussion; M. cratis var. cratis is separated from var. asmundae 
by having U-shaped, not parallel, dome ribs and a more constant dome 
size (Wujek and Van Der Veer, 1976). A wider flange with more numerous, 
closely spaced, narrower struts also appears characteristic of var. 
asmundae. 
Mallomonas cratis Harris and Bradley var. asmundiae Wujek and 
Van Der Veer 
EM Figures 47, 48 
Original Description: Wujek and Van Der Veer, 1976. p. 181. Figures 
7-10. 
Critical Reference: Same as original description. 
Geographical Distribution: Netherlands (Wujek and Van Der Veer (1976), 
USA (Wujek et al., 1981; Anderson, 1978; Marquis, 1977). 
Description: Similar to the nominate variety except in dome ornamenta­
tion (Wujek and Van Der Veer, 1976) . Dome ribs slightly curved, 
parallel, and may intersect, but not forming a U-shape. Small, 
connecting ribs, perpendicular to the major dome ribs, may be present 
(Figure 47). Struts very numerous, more than 25, usually more than 
30. Flange, including rim, about three times wider than the rim. 
Mallomonas striata Asmund 
EM Figures 53, 55-62 
LM Figures 254-257 
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Original Description: Asmund, 1959. pp. 38-41. Figures 34-37. 
Critical Reference: Same as original description. 
Geographic Distribution: Greenland (Nygaard, 1978), Iceland (Bradley, 
1964; Asmund, 1959; Kristiansen, 1978), Sweden (Gronberg and 
Kristiansen, 1980; Gronberg, 1980a), England (Asmund, 1959; Harris, 
1967), Greece (Kristiansen, 1980), Rumania (Peterfi, 1967), USSR 
(Balonov and Kuzmin, 1975a; Balonov, 1976a, 1978a), Japan (Takahashi, 
1978), USA (Wujek and Hamilton, 1973; Andersen and Meyer, 1977; Gretz 
^ , 1979, as var. serrata), Chile (Durrschmidt, 1980). 
Description: Cells nearly spherical, 26-29 fxm x 18-20 fxm. Most 
scales domed, bearing bristles except for a few posterior scales 
(Asmund, 1959; Figure 53). Dome smooth (Figure 55) or variously 
ribbed (Figures 56, 58-62) or with a reticulate pattern (Asmund, 1959; 
Kristiansen, 1975a). V-rib, flange with rim, and struts present. 
Wings with several, oblique, parallel ribs. Wing may be reduce^! 
(Figure 62) or absent (Figure 58). Approximately 7-15 concentric, 
transverse ribs on shield. Shield ribs furcate (Figure 58, arrow; 
Balonov, 1978a; Puytorac ^  , 1972) or incomplete on the proximal 
portion of the shield (Figures 58-62). Shield ribs may have a tendency 
towards forming a reticulate pattern (Figures 56-57; Puytorac et al., 
1972). Base plate holes near proximal portion of shield frequently 
present. Bristles curved and furcate (Asmund, 1959). Some scales 
longitudinally asymmetrical (Figure 54; Gronberg and Kristiansen, 
1980, Figure 70). 
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Discussion: The scales presented here compare favorably with those 
in the literature. A scale with an aberrant dome has been illustrated 
by Nygaard (1978) and one with aberrant proximal shield ribs by Wujek 
and Hamilton (1973). The report of this species by Green (1979) is 
not listed. The morphology of the scale he illustrates which is 
non-domed and without struts has not yet been demonstrated for M. 
striata. 
Harris and Bradley (1960) described Mallomonas striata var. serrata 
which differs from the nominate variety primarily by having smaller 
cells and serrate rather than furcate bristles. Most reports of var. 
serrata have been based on bristle morphology. A taxonomic problem 
is created, however, because the bristles frequently disarticulate 
from the scale, making it difficult to distinguish taxa at the variety 
level. I never found bristles attached to scales and, therefore, 
identifications presented here are only to the species level. A few 
studies have reported the occurrence of var. striata (Anderson and 
Meyer, 1977; Balonov, 1978b). While Puytorac ^  al.. (1972) identified 
both scales with serrate bristles and Balonov and Kuzmin (1975a), 
Balonov (1976b) identified scales with furcate bristles as belonging to 
M. striata. I have included reports for geographic distribution of M, 
striata and M. striata var. serrata, but I agree with Takahashi (1978) 
that this species needs further study. 
Mallomonas striata Asmund var. serrata Harris and Bradley 
EM Figure 54 
Original Description: Harris and Bradley, 1960. pp. 761-762. 
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Figures 13-15; Plate III, Figures 19-20; 
Plate IV, Figure 29. 
Critical Reference: Same as original description. 
Geographic Distribution: England (Harris and Bradley, 1960; Harris, 
1967), Rumania (Peterfi, 1965a), USSR (Balonov, 1978a), Japan 
(Takahashi, 1978), Canada (Puytorac et al., 1972). 
Description; Cells smaller than the nominate variety, 12-19 pm x 9-10 ^im 
(Harris and Bradley, 1960). Bristles serrate (Figure 54, Harris and 
Bradley, 1960). 
Discussion: This variety is compared with var. striata in the discussion 
of M. striata. 
Mallomonas tonsurata Teiling em. Krieger var. tonsurata 
EM Figures 66, 67, 70, 73-78 
Original Description: Krieger, 1930. pp. 280-281. Figure 20. 
Critical Reference: Asmund, 1959. pp. 10-14. Figures 1-9. 
Geographical Distribution: Denmark (Asmund, 1959; Kristiansen, 1976; 
Nygaard, 1977; Kristiansen, 1978), Sweden (Kristiansen, 1969; Cronberg, 
1980a), England (Harris and Bradley, 1960), Netherlands (Wujek and 
Van Der Veer, 1976), Greece (Kristiansen, 1980), USSR (Balonov and 
Kuzmin, 1975b; Balonov, 1976a), Japan (Takahashi, 1978), Tchad 
(Compefe, 1974), USA (Wujek and Hamilton, 1973; Wee e^ ^., 1981; 
Wujek et al., 1981), Canada (Green, 1979). 
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Description; Cells pyriform to elliptical, 11-25 /jm x 6-14 jim 
(Asmund, 1959; Takahashi, 1978; Cronberg, 1980a, Figure 102). Domed, 
bristle bearing scales located anteriorly (Asmund, 1959; Takahashi, 
1978) but occasionally located medianly (Cronberg, 1980a; Figure 102). 
Non-domed scales frequently with one or more short spines (Asmund, 
1959; Cronberg, 1980a; Figure 103). Scales with V-rib, shield, and 
flange with rim. Evenly spaced holes scattered over base plate 
(Figure 66). A secondary reticulate layer with holes is superimposed 
over the holes of the base plate except at proximal end of shield 
(Figure 67 arrows). At the proximal end of the shield at the base 
of the V-rib are about 5-15 holes in the base plate. The diameter 
of these holes is about one-half of the other base plate holes, and 
the holes are not covered by the secondary reticulum. This structure 
is termed a window (Asmund, 1959). Bristles, 6-33 fxm, of various 
types, serrate and furcate (Figures 73-78) (Asmund, 1959; Takahashi, 
1978). On individual cells, serrate bristles shorter than furcate 
bristles. 
Discussion: Two varieties of Mallomonas tonsurata have been identified 
from Iowa. M. tonsurata var. alplna has been published at both the 
species and variety level. The primary distinction between them is 
that var. tonsurata has a secondary reticulate layer on the base 
plate, both serrate and furcate bristles and that these bristles are 
limited to the cell's anterior. On the other hand, var. alpina has 
been characterized by having no secondary layer, having only serrate 
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bristles and having some bristles scattered over the cell (Cronberg 
and Kristiansen, 1980; Asmund, 1959). 
I have placed var. alpina at the varietal rank for several reasons. 
Peterfi and Momeu (1976) have found a somewhat intermediate form 
(Kristiansen, 1980). Cronberg (1980a) has published a picture of 
var. tonsurata with a medianly located domed scale. 
There seems to be a tremendous variation of bristle morphologies in 
var. tonsurata (Figures 73-78) . Both the serrate bristle with the 
furcate tip (Figure 76) and the furcate bristles with a long tip 
(Figure 77) have the final tooth formed uniquely. The thickened 
bristle margin switches sides to form the furcation. Although this 
feature is present on many of my var. tonsurata scales, it did not 
photograph well. Kristiansen (1979a, Figure 11) has shown this feature 
well for a similar bristle of M. tonsurata. 
This unique bristle tip could be a new variety of M. tonsurata. 
However, because var. tonsurata bristles are variable, I am reluctant 
to describe a new variety only on the basis of bristle tip morphology. 
Therefore, I have included it in var. tonsurata. 
Mallomonas tonsurata var. alpina (Pascher and Ruttner) Krieger 
EM Figures 68, 69, 71, 72 
Original Description; Pascher, 1913. (Original not seen cited by 
Asmund, 1959; Krieger, 1930.) 
Krieger, 1930. pp. 281-282. Figure 21. 
Critical Reference: Asmund, 1959. pp. 15-17. Figures 10-14. 
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Synonym: Mallomonas alplna Pascher and Ruttner 
Mallomonas monograptus Harris and Bradley 
Geographical Distribution: Denmark (Asmund, 1959; Kristiansen, 1976, 
1978), Sweden (Cronberg, 1980a; Cronberg and Kristiansen, 1980), 
England (Harris and Bradley, 1960), Netherlands (Wujek and Van Der Veer, 
1976), Greece (Kristiansen, 1980), USSR (Balonov and Kuzmin, 1975a; 
Balonov, 1976a), Japan (Takahashi, 1978), USA (Asmund and Takahashi, 
1969; Wujek and Hamilton, 1972), Canada (Kristiansen, 1975a), Chile 
(Durrschmidt, 1980). 
Description: Cell elliptical 14-34 j^im x 6-15 (im (Asmund, 1959; 
Peterfi and Momeu, 1976). Bristles attached to domed scales (Figures 
68, 71, 72) concentrated on the anterior, but frequently with a few 
scales scattered over the rest of the cell (Cronberg, 1980a, Figures 
104, 106; Peterfi and Momeu, 1976, Figures 91-93). Scales with shield, 
V-rib, flange with rim. Entire base plate with small, evenly spaced 
holes (Figure 69). About 5-15 base plate holes with one-half the 
diameter of the others on the proximal end of the shield, near the 
V-rib. No secondary layer ornamentation (Figure 69). Scales 3.5-
5.5 jam X 2.5-3.5 fim (Asmund, 1959; Peterfi and Momeu, 1976). Bristles 
serrate (Figure 72), a variety of lengths on a cell, 8-23 fim. Shorter 
bristles located anteriorly (Asmund, 1959, Figure 10; Cronberg and 
Kristiansen, 1980). 
Discussion: This taxon is easily confused with var. tonsurata. For 
a comparison, see the earlier discussion on var. tonsurata. 
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Mallomonas plllula Harris var. pillula 
EM Figures 79, 80, 83 
Original Description: Harris, 1967. pp. 189-190. Plate V, Figure 13; 
Plate VI, Figures 19-23. 
Critical Reference: Same as original description. 
Geographical Distribution: Sweden (Cronberg and Kristiansen, 1980), 
Iceland (Bradley, 1964), England (Harris, 1967), USA (Asmund and 
Takahashi, 1969; Wujek et al., 1981). 
Description: Cells small, spherical, about 10 m in diameter (Harris, 
1967) . Domed scales (Figures 80, 83) located near the flagellum with 
1-3 short bristles (Harris, 1967). Body scales (Figure 79) rhombic, 
non-domed. Scales with rim and sparely papillate shield. Papillae 
usually fused into a ring-like pattern or a reticulum (Wujek £t , 
1981; Figure 14). V-rib on body scales continuous, forming a rhombic 
ring. A row of sub-marginal papillae present along the distal margin 
of body scales. Domed scales similar except the V-rib fuses with the 
dome and the distal papillae may be present (Figure 80, arrow) or 
absent (Figure 83; Asmund and Takahashi, 1969, Figure 10). 
Discussion: Harris (1967) describes forma exannulata as having large, 
non-fused papillae on the shield and a row of deep pits along the ' 
distal margin. The scales shown here have papillae not fused into 
rings and lack the conspicuous pits. Because the scales pictured 
were the only ones examined, this information is based on little evidence. 
However, forma exannulata perhaps should be reexamined critically. 
60 
Mallomonas paplllosa Harris and Bradley em. Harris var. papillosa 
EM Figures 81-82 
Original Description: Harris and Bradley, 1957. pp. 48-49. 
Harris, 1967. pp. 185-186. Figures 1 and 2. 
Critical Reference: Harris, 1967. pp. 185-186. Figures 1 and 2. 
Geographical Distribution: Denmark (Nygaard, 1977), England (Harris 
and Bradley, 1957, 1960; Harris, 1967; Belcher, 1969), USA (Asmund 
and Takahashi, 1969; Andersen, 1978), Chile (Durrschmidt, 1980), 
USSR (Balonov, 1978a), Japan (Takahashi, 1978). 
Description: Cells ellipsoidal, 12-18 jxra. Fine, serrate bristles 
present over entire cell. Scales of relatively uniform shape with 
dome, V-rib, and flange with rim. Wings with several parallel oblique 
ribs. Shield and dome densely popillate (Figures 81, 82). Short, 
broad spines occasionally fused to distal margin (Figure 82). Scales 
small, 3-4 ^ m x 2 (xm (Harris, 1967). 
Discussion: Mallomonas papillosa has been reported many times. Three 
varieties have been described (Harris, 1967). An important character 
which distinguishes them from the nominate variety is the absence of 
papillae on the dome. This distinction may be considered suspect 
since Takahashi (1978, Figures 125, 126, 127) published micrographs' 
of var. ellipsoida with some papillae on the dome. 
Mallomonas annulata (Harris and Bradley) Harris var. annulata 
EM Figures 65, 101, 103 
Original Description: Harris and Bradley, 1957. Text - Figures H-M. 
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Harris, 1967. pp. 187-188. Figures 7-10. 
Critical Reference: Takahashi, 1978. p. 48. Figures 41, 131-135. 
Synonyms: Mallomonas paplllosa Harris and Bradley 
Mallomonas papillosa f. annulata Harris and Bradley 
Mallomonas papillosa var. annulata Bradley 
Geographical Distribution: Denmark (Kristiansen, 1976), Sweden (Cronberg, 
1980a), Netherlands (Wujek and Van Der Veer, 1976), Scotland (Bradley, 
1966b), England (Harris and Bradley, 1957, 1960; Harris, 1967), Rumania 
(Peterfi, 1974), Greece (Kristiansen, 1980), USSR (Balonov, 1976a, 1978a), 
Japan (Takahashi, 1978), USA (Gretz £t , 1979). 
Description: Cells ellipsoid, 15-29 fim x 6-12 ^ m (Bradley, 1966b; Harris, 
1967; Takahashi, 1978). Domed scales (Figure 101) with fine bristles 
present on posterior and anterior. Body scales non-domed (Figure 65; 
Cronberg, 1980a, Figure 73). Body scales mostly centrally located on cell 
with a few small ones on the posterior. Scales with V-rib, flange with 
rim. Holes in base plate conspicuous. On the shield is a secondary 
reticulum, in which the holes of the meshwork surround the base plate 
holes. Dark, raised papillae located on the secondary shield layer 
(Figures 101, 65) and the entire distal portion of the scale, i.e., the 
distal margin, distal V-rib, and the dome (if present). Small ribs, fused 
with papillae may project onto the shield from the V-rib (Figure 65)'. 
Some scales may have short shield ribs and papillae fused to form a 
tertiary reticulate layer (Balonov, 1978a, Plate V; Cronberg, 1980a, 
Figure 74). Flange without papillae. Scales 2-4 fim x 1.5-2.5 jim. 
Bristles 4-12 |im (Bradley, 1966b; Takahashi, 1978). 
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Discussion: Although this taxon has gone through several nomenclatural 
changes, it is well-defined on the basis of EM scale morphology. 
Isolated species; 
Both Harris and Bradley (1960) and Takahashi (1978) have designated 
several species as isolated, not fitting into any series. According to 
the series descriptions herein, only one taxon, M. insignis, is isolated. 
Mallomonas insignis Penard var. inslgnis 
EM Figures 85-90 
LM Figures 243, 244, 262-264 
Original Description: Penard, 1919. (Original not seen, cited by 
Harris, 1958.) 
Critical Reference: Harris, 1958, pp. 55-59. Figures 1-13; Plates I 
and II, Figures 1-14. 
Geographical Distribution: Sweden (Cronberg and Kristiansen, 1980), 
Denmark (Kristiansen, 1978), England (Harris, 1958), USSR (Balonov, 
1976a), USA (Wee ^ £l., 1976, as M. sp. 1; Andersen, 1978; Wujek 
^al., 1981), Canada (Puytorac et al., 1972). 
Description: Cells oval to spindle shaped, 22-80 fim x 12-20 /am (Figures 
243, 244; Harris, 1958). Posterior may form a long, narrow tail of 
various lengths (Figures 87, 243, 244). The end of the tail with scales 
which have delicate spines (Figure 244, arrow; Harris, 1958). Anterior 
scales spined (Figures 86, 88, 89). Body scales spineless (Figure 85). 
Scale base plate with a smooth rib similar to a V-rib (Figure 86), shield 
and flange with rim. Shield unornamented. V-rib broadens to form a 
papillate collar on the distal portion of the scale. Spines 1-5 
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frequently papillate (Figures 86, 88, 89). A two- or three-tiered, 
reticulate rib system forms the internal supporting structure of the 
V-rib and collar (Figures 85, 90). Many scales with a U-shaped hole 
on the proximal face of the raised rib (Figures 85, 86, arrow). Strut­
like ribs may be found on the base plate beneath the rim (Figure 85). 
Scales 5-9 /im x 2.5-5.0 /im. 
Discussion: Both the cell and scale morphology are characteristic of 
the species and are observable with light microscopy. TEM and SEM micro­
graphs appear quite different. The internal supporting structure of the 
raised rib and collar can be seen with TEM (Figure 85), but cannot be 
seen by SEM (Figure 86) unless the outer scale surface has eroded away 
(Figure 90). The bristles in Figure 89 have not been shown to be 
attached to a M. insignis cell and probably belong to another species. 
Series Torquatae; 
Harris and Bradley (1960) divided Mallomonas into four series, 
the Tripartae, Planae, Torquatae, and Quadratae. Peterfi and Momeu 
(1976) included the last two in Sectio Torquatae. However, because 
they did not define their Sectio, it is difficult to determine what 
criteria they used. They state that their classification "does not 
differ in the basic ideas from that of Harris and Bradley (I960)." 
Takahashi likewise suggests including the Quadratae of Harris and 
Bradley in the Torquatae, mostly on the basis of an intermediate form, 
M. grata Takahashi. However, part of his description contains an 
apparent contradiction. 
Cells small, each with a collar around the flagellar 
base and several (about five) bristles at the anterior 
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end, but not collared in some species (Takahashi, 1978). 
He fails to define precisely the series or establish a continuum 
through the various forms. Despite these discrepancies in the 
literature, I agree with the interpretation of Takahashi (1978) 
and Peterfi and Momeu (1976) and include the Quadratae in the Torquatae. 
A description of this series and a key to the three groups , doignonii, 
pumilo, and lychenensis are in Appendix E. 
The three species identified in Iowa, one from each group, can 
be differentiated with PCM. M. doignonll is the only one of the three 
taxa which has posterior scales with long spines and can be distinguished 
on that basis (Figure 285, arrow). The scales of M. pumilo observed 
in this study all had a wing on the distal scale margin. This feature 
can be observed with PCM (Figures 281, 282, arrows) and can be used 
as a critical character to separate it from the other two taxa. In 
Figure 282 the anterior collar scales are present, characterizing this 
taxon as a member of the Torquatae. It cannot be M. pumilo because 
the scales lack a wing, or M. doignonll because the posterior scales 
lack a long spine. Therefore, it must be M. mangofera. 
The utility of PCM Identifications as the only means of identifi­
cation in the Torquatae is limited. Relative to the Trlpartae and 
Planae, most species in the Torquatae appear similar both in cell and 
scale morphology when observed with PCM. Many species in the Torquatae 
have the characteristic anterior collar scales found only in this 
series. They are easily observed with PCM (Figures 283, 286). 
Frequently even the rhombic shape and small size of the body scales. 
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which are sometimes characteristic of the series (Figure 284), can 
also be observed with PCM. Several species with long posterior spines 
as well as several with short posterior spines exist in the series. 
The wings on M. pumilo scales are distinct, but are not always present. 
Similar species not reported here are very cosmopolitan and probably 
cannot be distinguished from each other or from the three reported 
here with both PCM and EM. Therefore, in the Torquatae PCM observa­
tions must be verified by EM observations for precise identification 
of most species. 
Some features of scale morphology, observable with EM, can also 
be confusing. Either the collar scale morphology or thick, convex 
scales are distinctive for members of the papillate lychenensis group. 
It is advisable, however, to compare these species with other Mallomonas 
species with papillate scales, such as the papillosa group of the 
Tripartae. The scales of M, annulata in Figure 101 could easily be 
mistaken for M. mangofera because the scales of M. mangofera do not 
always have the characteristic holes along the V-rib. The taxonomic 
problems peculiar to several species of the doignonii group are 
discussed by Asmund and Cronberg (1979) and Glenk and Fott (1971) . 
In the pumilo group, M. pumilo, M. clavus, and M. allantoides are 
quite similar. The identification problems of these taxa have been' 
discussed by Kristiansen (1978, 1980). 
Mallomonas doignonii Bourrelly var. doignonii 
EM Figures 91-98 
LM Figure 285 
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Original Description: Bourrelly, 1951. pp. 156-158. (Original not 
seen, cited by Asmund and Cronberg, 1979.) 
Critical Reference; Asmund and Cronberg, 1979. p. 412. Figure 2a. 
Geographical Distribution: Greenland (Nygaard, 1978), England (Harris 
and Bradley, 1957, 1960, as M. coronifera), USA (Marquis, 1977). 
Description: Cells ellipsoid or ovoid with an anterior collar, 15-30 /im 
X 6-15 /Jim (Figures 91, 92; Asmund and Cronberg, 1979). Anterior collar 
scales with bristles, domed (Figure 92). The dome with a single tooth 
(Figure 97). Body scales rhombic (Figure 95). Posterior scales 
spined (Figure 93). Bristles and spines 1-10 pm. Scales, 2-5 |jm 
X 1-3 fim, with marginal raised rib and rim with flange. Base plate 
with many, small, equally spaced holes (Figures 95, 97, 98). Ribs 
extend across the shield, usually transversely. They may furcate 
(Figure 95), be straight, curved, or incomplete (Figures 95, 98). On 
the proximal portion of the collar scales ribs tend to be vertical 
rather than transverse (Figure 97). Distal portion of body scales 
with short ribs extending from marginal rib to scales edge. 
Discussion; M. doignonii var. tenucostis has been described by Asmund 
and Cronberg (1979), mostly on the basis of a slightly different shield 
morphology. 
Mallomonas mangofera Harris and Bradley var. mangofera 
EM Figures 99, 100, 102, 104, 105 
LM Figure 280 
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Original Description: Harris and Bradley, 1960. pp. 772-773. 
Figures 41-44; Plate VII, Figures 54, 56, 57. 
Critical Reference: Same as original description. 
Geographical Distribution; Denmark (Kristiansen, 1976), England (Harris 
and Bradley, 1960; Harris, 1970b), Scotland (Bradley, 1966b, Figure 41), 
Bangladesh (Takahashi and Hayakawa, 1979), Japan (Takahashi, 1978), 
USA (Wujek ^  al., 1981). 
Description: Cells ovoid with anterior collar and rounded posterior, 
14-30 fjLm X 6-12 (Figure 99; Harris and Bradley, 1960; Takahashi 
and Hayakawa, 1979). Anterior collar scales with needle bristles, 
domed (Figure 102), Body scales rhombic (Figure 100). Posterior 
scales rhombic, with extremely short distal spines (Figures 104, 105). 
Scales with V-rib and flange with rim. Entire scale surface densely 
papillate, except flange and rim, including dome on collar scales. 
On the shield, papillae frequently fused to form a reticulum (Figure 100). 
Usually a row of holes present on shield near V-rib. Holes in base 
plate surrounded by larger holes in the papillate secondary layer 
(Figure 102). 
Discussion: This species could be confused with M. annulata in the 
Series Tripartae (Figures 101, 103) . The presence of anterior collar 
scales of and holes along the V-rib in my specimens of M. mangofera 
distinguish it from M. annulata. 
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Mallomonas putnllo Harris and Bradley var. pumilo 
EM Figures 106-109 
LM Figures 281-282 
Original Reference: Harris and Bradley, 1957. p. 46. Plate III, 
Figures 3, 4. 
Critical Reference: Same as original description. 
Geographical Distribution: Sweden (Cronberg and Kristiansen, 1980), 
Denmark (Asmund, 1959; Kristiansen, 1978), England (Harris, 1970a, 
Harris and Bradley, 1957, 1960), Rumania (Peterfi, 1967; Peterfi and 
Momeu, 1976), USSR (Balonov, 1976a), Japan (Takahashi, 1978), USA 
(Andersen and Meyer, 1977; Wujek et , 1981). 
Description: Cells ovoid, posterior rounded, anterior collared, 10-20 
X 6-11/im (Harris, 1967; Peterfi, 1967). Anterior, domed, collar 
scales (Figures 108, 109) with bristles. Bristles 2-12 (Peterfi, 1967). 
Body scales rhombic (Figure 106). Posterior scales, small rhombic, 
spineless, or with short spines (Kristiansen, 1978). Scales with 
V-rib, flange with rim. Wing sometimes present on the distal scale 
margin on both body and posterior scales (Figures 106, 107). A 
similar structure may be present on collar scales (Figures 108, 109). 
Short, oblique ribs present (Figure 106), absent (Figure 107, 109), 
or partially formed (Figure 108) on the wing. The base plate with . 
characteristic reticulum which is overlaid with a secondary reticulate 
layer (Figures 106-109). Some meshes of the reticulum occasionally 
occluded (Figure 109). Scales without wings common (see Kristiansen, 
1978; Peterfi, 1967; Asmund, 1959). Scales 2-5 fim x 1-3/im. 
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Discussion: Although this species has been reported in several 
studies, its taxonomy seems to be poorly understood. Harris and 
Bradley (1960) describe M. pumilo var. silvicola as being different 
from the nominate variety by having irregularly arranged pores in 
irregular rows. Var. silvicola has been reported by Asmund and 
Takahashi (1969), Peterfi (1974), and Bradley (1966, Figure 7). 
Examination of the micrographs from the references listed in the 
geographical distribution section show some integration between 
these taxa. Micrographs of both varieties have been published with 
winged body scales similar to Figure 106 (Bradley, 1966b; Figure 73; 
Andersen and Meyer, 1977). The wing can be observed with PCM 
(Figures 281, 282) and could become a useful character for use with 
light microscopy when it is present. Further study may show the 
wing to be characteristic of a variety of M. pumilo. However, since 
I saw only a few scales and no cells, I cannot propose changes in the 
organism's taxonomic status at this time. Mallomonas pumilo var. 
pumilo appears to be the most reasonable name for the taxon I observed. 
Series Planae; 
Both Harris and Bradley (1960) and Takahashi (1978) mention that 
scales of organisms in this series do not have a dome or V-rib. 
While it is true that the dome and V-rib are very reduced or not 
clearly evident, there is a projection above the rest of the scale 
into which the foot of the bristle is attached. Examination of scales 
of M. hamata (Asmund, 1959), M. glabra (Asmund, 1977), and M. heterospina 
(Figures 128-134) reveals that a small dome is present. Although the lack 
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of a V-rib is the most notable series characteristic, the ornamenta­
tion on some scales of M. pugio (Bradley, 1964) appears similar to a 
V-rib. 
Many of the species in this series can be identified with PCM. 
I have divided the series into three groups: akrokomos, punctifera-
heterospina, and caudata (Appendix E). The scale morphology of 
species in the caudata group is similar to that of the elliptica 
group of Mallomonopsis. When flagellar number is not known, the 
scale morphology of both groups should be compared to insure precise 
identifications. Five species from this series have been reported 
from Iowa. 
One species was identified in the akrokomos group. M. akrokomos 
can be distinguished from the other species in the group with light 
microscopy on the basis of cell morphology. The scales, when observed 
with PCM (Figures 268, 269), are usually not mistaken for those of 
the other species observed in this study. However, because they are 
so small and nondescript, they can be easily overlooked. 
In the punctifera-heterospina group, two species are reported 
from Iowa, M. heterospina and M. multiunca. The differences in scale 
morphology between these species can be observed with PCM (Asmund, 
1956) and are shown in Figures 265-267, 270 (M. heterospina), and 
Figures 271-273 (M. multiunca). The large scale type for M. multiunca 
(Figures 272-273) correlates well with the electron micrographs 
(Figures 126 - 127). Two other species in the group, M. pugio and 
M. harrisae, are very similar to M. heterospina and would probably 
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be confused with it when only PCM observations are used for 
identification. 
Two species from the caudata group were identified from Iowa, 
M. caudata and M. teilingii. Both the cell and scale morphology of 
M. caudata (Illustration 1, Figures 277, 278) are sufficiently distinct 
to enable precise identification with light microscopy. The scales 
of M. teilingii (Figure 279) can be identified with PCM. However, 
the cell size and morphology (Figures 236, 237) are similar to a 
rarely reported species, M. bronchartiana, and could be easily confused 
with it. 
Mallomonas akrokomos Ruttner in Pascher var- akrokomos 
EM Figures 113-118 
LM Figures 229-231, 268, 269 
Original Description: Ruttner in Pascher, 1913. p. 36. Figure 52a,b. 
Critical References: Asmund, 1956. pp. 82-84. Figures 11-15. 
Takahashi, 1978. Figures 49, 198-206. 
Geographical Distribution: Greenland (Nygaard, 1978), Sweden 
(Cronberg, 1980a, 1980b; Cronberg and Kristiansen, 1980), Denmark 
(Asmund, 1956; Nygaard, 1956, Plate VII, Figure 13; Kristiansen, 1976), 
Netherlands (Wujek and Van Der Veer, 1976), England (Harris, 1958), 
Greece (Kristiansen, 1980), Rumania (Peterfi, 1967), USSR (Balonov 
and Kuzmin, 1975a), Japan (Takahashi, 1978), USA (Asmund and Billiard, 
1961; Wujek and Hamilton, 1972; Gretz ^  » 1979), Canada (Kristian­
sen, 1975a; Green, 1980). 
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Description: Cells distinctive, spindle shaped (Figures llA, 229-231) 
20-70 X 5-15 fim. Posterior tapers to point (Figure 229) or may form 
a long narrow caudal region (Figure 231). Bristles (Figure 113) 
serrate, located anteriorly, frequently project forward 8-45 
They may be separate, projecting obliquely from the cell (Figures 229, 
231) or forward projecting and clumped together (Figure 230). Scales 
small 2-5 jxm x 1-2.5 fim of three types; anterior, domed, bristle 
bearing scales (Figure 116); medianly positioned body scales (Figure 
117); and long, narrow posterior scales (Figure 118). Domed and body 
scales with a rim extending along about one-half the scale margin. A 
row of base plate holes extends along the interior side of the rim. 
Base plate with many holes. A secondary siliceous layer forning a 
circular thickening present on the distal one-half of the scale. This 
secondary layer may cover many of the base plate holes in distal one-
half of the scale (Figure 117) or leave many of them uncovered (Figure 
116). The extreme proximal margin of body scales may be serrate 
(Figure 117) or smooth (Figure 115). The distal margin of the dome 
on anterior scales may be serrate (Takahashi, 1978, Figure 202), with 
a large tooth-like projection (Takahashi, 1978, Figure 199) or smooth 
(Figure 116). Posterior caudal scales wedge-shaped, long, and narrow 
(Figure 118; Takahashi, 1978, Figures 200, 206). Base plate of caudal 
scales with scattered holes. The scale margin may be thicker. The 
wider end of the scale may be serrate (Cronberg, 1980a, Figure 84) or 
smooth (Figure 118). 
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Discussion: The distinctive cell shape of this organism makes species 
identification possible with light microscopy. The scales are quite 
small and nondescript with PCM (Figures 268, 269) and therefore less 
reliable for precise light microscope identification. 
Mallomonas multiunca Asmund var. multuinca 
EM Figures 119-127 
LM Figures 271-273 
Original Description: Asmund, 1956. pp. 78-81. Figures 6-8. 
Critical Reference; Same as original description. 
Geographical Distribution: Denmark (Asmund, 1956, 1959; Nygaard, 1956, 
Plate VII, Figure 12; Kristiansen, 1976; Zimmerman, 1977), England 
(Harris and Bradley, 1957, 1960), Netherlands (Wujek and Van Der Veer, 
1976), Rumania (Peterfi, 1974), USA (Wee et £l^., 1981; Wujek et al., 
1981). 
Description: Cells oval to nearly spherical, 12-22 |im x 8-12 j^m 
(Asmund, 1956; Harris and Bradley, 1960). Scales of two types, their 
relative position on the cell unknown. One scale type small and 
common (Figures 119-123), the other type (Figures 126-127) larger 
and rarely reported. Large scales 2.5-6.0 (im x 1.5-3.5 pim. Small 
scales 3-4 /im x 2-3 /im with dome and rim. Domes of various shapes 
(Figures 119-123) and with several oblique parallel ribs. Rim extends 
along one-half to two thirds of the scale margin. Base plate with 
many evenly spaced holes of approximately the same diameter. Except 
for dome and rib, base plate extensively covered with ribs forming a 
reticulum. Meshes of the reticulum of various sizes, the larger holes 
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on the proximal portion of the scale. Papillae present on the base 
plate and may be fused together to form short individual ribs or ribs 
fused with the reticulum (Figure 120). Large scales (Figures 126, 127) 
usually 5-6 pim x 3.5 pm, of a slightly different morphology. Rim 
morphology similar. Dome may be present (Figure 127) or absent 
(Figure 126, arrow). Dome less conspicuous but with similar rib 
morphology. No papillae present on base plate. Reticulum or ribs 
on proximal two-thirds of base plate less extensive and with meshes 
of similar size. Ribs branch from the reticulum to the distal one-
third of base plate but do not form a conspicuous meshwork. Some 
meshes overlaid with a secondary siliceous layer. Dome ribs overlap 
onto the inner scale surface (Figure 124, upper arrow). Rim on inner 
scale surface of two parts which meet but do not fuse (Figure 124, 
lower arrow). Helmet bristles present with a long, narrow tip, 
6-12 /im (Asmund, 1956; Zimmerman, 1977). 
Discussion: This taxon is well-defined. The large scale type 
described above has been mentioned by Asmund (1959), but published 
micrographs are few in number. 
Mallomonas heterospina Lund var. heterospina 
EM Figures 128-134 
LM Figures 241, 265-267, 270 
Original Description: Lund, 1942. p. 284. Figure 6a-d. 
Critical Reference: Asmund, 1956. pp. 75-78. Figures 1-5. 
Geographical Distribution: Greenland (Nygaard, 1978), Iceland (Bradley, 
1964), Sweden (Asmund, 1977; Cronberg, 1980a; Cronberg and Kristiansen, 
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1980), Denmark (Asmund, 1956; Kristiansen, 1976, 1978), England (Harris 
and Bradley, 1957), Rumania (Peterfi, 1967), Southern Bohemia (Fott, 
1966), USSR (Balonov and Kuzmin, 1975a; Balonov, 1976a), Japan 
(Takahashi, 1978), USA (Asmund and Takahashi, 1969; Wujek et al., 
1975, 1981; Andersen, 1978; Wee e^ , 1981), Chile (Durrschmidt, 
1980). 
Description: Cells nearly spherical to elliptical with both helmet 
and needle-shaped bristles on individual cells, 12-20 jim x 7-15 fjm) 
(Figure 2A1; Lund, 1942; Peterfi, 1967; Takahashi, 1978). Scales with 
dome and rim. Dome with irregularly arranged ribs (Figures 128-134) or 
with ribs absent (Cronberg, 1980a, Figures 98, 100). Rim extending 
along approximately one-half of the proximal scale margin. Base 
plate with many small, evenly spaced holes of about the same diameter. 
Ribs on the base plate form an Irregular reticulum with several mesh 
sizes. The reticulum is formed by some major, U-shaped ribbing oriented 
with the bottom of the "U" on the proximal portion of the scale. 
Across the distal end of the "U" is another major transverse rib which 
fuses with the "U" and extends in both directions along the scale 
margin to the dome. Extending from these major ribs are successively 
smaller ribs forming the remainder of the reticulum. Individual 
papillae are not present on the base plate. Scales 3-5.5 (im x 2-4 fxm. 
Both helmet (Asmund, 1956; Takahashi, 1978) and needle bristles 
(Figure 131) present, 8-22 /im. 
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Discussion: The cells of this species are distinctive when viewed 
with light microscopy. It can be separated from other species in the 
group because it has both bristle types on an individual cell. 
Mallomonas caudata Iwanoff em. Krieger var. caudata 
EM Figures 135-140 
LM Figures 277-278 
Original Description: Iwanoff, 1899. (Original not seen, cited by 
Asmund and Hilliard, 1961.) 
Krieger, 1930. pp. 294-297. Figures 38-39. 
Critical References: Asmund, 1955. pp. 163-168. Figures 1-3. 
Takahashi, 1978. pp. 50-52. Figures 42, 143-
152, as M. fastigata. 
Synonyms: Mallomonas fastigata Zacharias 
Mallomonas fastigata var Kriegeri Bourrelly 
Geographical Distribution: Sweden (Kristiansen, 1969; Cronberg and 
Kristiansen, 1980; Thomasson, 1970), Denmark (Asmund, 1955, 1959; 
Nygaard, 1956, Plate VII, Figures 17-19; Kristiansen, 1976), Nether­
lands (Wujek and Van Der Veer, 1976), England (Harris and Bradley, 
1957), Greece (Kristiansen, 1980), Rumania (Peterfi, 1965a), USSR 
(Balonov and Kuzmin, 1975a; Balonov, 1976a), Japan (Takahashi, 1978), 
Canada (Puytorac et , 1972; Smol, 1980; Green, 1980), USA (Asmund 
and Hilliard, 1961; Asmund and Takahashi, 1969; Wujek and Hamilton, 
1972; Marquis, 1977; Wujek and Kristiansen, 1978; Andersen, 1978; 
Munch, 1980; Wujek and Weis, 1980; Wujek £t ^ ., 1981; Wee et al., 
1981), Chile (Durrschmidt, 1980). 
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Description: Cells nearly spherical to ovate with a long caudal portion. 
16-100 X 10-30 (Krieger, 1930, Figure 38; Takahashi, 1978, 
Figure 42). Cells distinctive due to many long bristles extending 
from all parts of the cell in all directions. When present the caudal 
portion of cell is characteristic. Scales, large, distinctive, oval 
to elliptical, 5.5-11 x 4-7 pim (Krieger, 1930; Takahashi, 1978; 
Wee, 1976). Scales (Figures 135, 137) flat with ritn extending along 
one-half to two-thirds of the margin (Figure 135). Base plate with 
many small holes. The holes are of similar diameter except in one 
region, slightly off center, where they are smaller and several fuse 
to form a larger hole (Figure 135). With SEM the base plate surface 
appears pitted (Figure 138) or smooth (Figure 139). Bristles large, 
12-85 m, spreading, serrate (Figure 278), with V-shaped tip (Takahashi, 
1978; Krieger, 1930; Wee, 1976). 
Discussion: Although there is a nomenclatural problem with this 
taxon, its characteristics are distinct with both the light and 
electron microscope. I agree with the reason published by Asmund 
and Hilliard (1961) for using the name M. caudata over M. fastigata. 
Mallomonas teilingii Conrad var. teilingii 
EM Figures 141-144, 146 
LM Figures 236, 237, 279 
Original Description: Conrad, 1927. pp. 465-466. Figure 19. 
Critical Reference: Peterfi, 1967. p. 126. Figures 24, 64. 
Geographical Distribution: Sweden (Cronberg, 1980b; Cronberg and 
Kristiansen, 1980), Denmark (Asmund, 1956; Kristiansen, 1976), 
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Netherlands (Wujek and Van Der Veer, 1976), Rumania (Peterfi, 1967), 
USSR (Balonov, 1978a), USA (Wee ^  £l., 1976; Wee ^  , 1981). 
Description: Cells, distinct, a long elipse with bristles on both ends, 
30-55 jim X 10-30 ^ m (Figures 141, 236, 237; Peterfi and Momeu, 1976). 
Scales mostly oval to elliptical, 5.5-8 ^ m x 4-4.5 fxm. Scales with 
rim which extends almost the entire scale margin. Base plate with 
many small, equally spaced holes. A large meshed reticulum formed 
by interconnecting ribs covers most of the base plate. Bristle-
bearing scales non-domed, and of various shapes, elliptical (Figure 
144), or with an irregular margin (Asmund, 1956, Figure 10). Needle 
bristles blunt (Figure 144), 15-25 ^ m. 
Discussion: Both cells (Figures 236, 237) and scales (Figure 279) 
are distinct with PCM. Figure 142 may be a bristle-bearing scale 
or an aberrant form. SEM of cells showing scale morphology (Figure 
141, Cronberg, 1980b) have not shown a scale of this nature. However, 
Asmund's Figure 10 (1956) is somewhat intermediate between most 
bristle-bearing scales (Figure 144) and the aberrant scale discussed 
above (Figure 142). The morphology of bristle-bearing scales in this 
species may be considered highly variable. 
Mallomonopsis Matvienko 
The genus Mallomonopsis was described by Matvienko in 1941. 
Organisms are unicellular and have scale morphology similar to the 
Planae or Tripartae of Mallomonas. The primary difference between 
Mallomonas and Mallomonopsis is that Mallomonopsis has two heterodynamic 
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flagella, while Mallomonas has only one flagellum. Some authors 
(Belcher, 1969; Peterfi and Momeu, 1976) have included Mallomonopsis 
within Mallomonas. This subject was discussed earlier in the section 
of the literature review on ultra structure of flagella. This genus 
is treated comprehensively in two papers (Harris, 1966; Wujek and 
Timpano, 1981) which include observations mostly based on electron 
microscopy. On the basis of scale morphology, I have organized 
Mallomonopsis into two species complexes or groups, elllptica and 
paxlllata. Keys to the species are in Appendix E. Two species were 
found in Iowa, both in the elllptica group. 
The two species of Mallomonopsis reported from Iowa, M. oviformis 
and M. sallna, are distinct from other species in the elliptica group 
as well as from each other. The caudata group (Planae) in Mallomonas 
have scales with a similar morphology to the elliptica group of 
Mallomonopsis. When flagellar number is unknown, scales should be 
examined and compared in both groups to insure correct identification. 
Kristiansen (1978) states that the species which I have placed in 
the elliptica group can be distinguished from each other with light 
microscopy but does not give details. Figures 274-276 are PCM micro­
graphs of scales which are probably of Mallomonopsis, possibly from 
M. salina. I observed only a few scales with PCM and am uncertain 
of their identification at this time. 
Mallomonopsis salina (Asmund and Hilliard) Kristiansen var. salina 
EM Figures 147-149 
Original Description: Asmund and Hilliard, 1965. p. 521. Figures 1-4. 
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Critical Reference: Same as original description. 
Synonym: Mallomonopsis elliptica Matvienko var. salina Asmund and 
Milliard. 
Geographical Distribution: Denmark (Kristiansen, 1976), England (Harris, 
1966), Netherlands (Wujek and Van Der Veer, 1976), USA (Asmund and 
Hilliard, 1965; Wujek and Timpano, 1981). 
Description: Cells elliptical or ovoid, sometimes with an extended 
posterior caudal region, 21-41 urn x 16-22 jxm (Asmund and Hilliard, 
1965; Harris, 1966). Bristles over entire cell surface, with as many 
as two or three attached to an individual scale, blunt ended, 7-15 ^ m 
(Harris, 1966; Asmund and Hilliard, 1965). Scales (Figures 147-149) 
nearly circular tc elliptical, with rim, 4.5-6 pim x 2-4 (xm. Rim with 
strut-like ribs which extend from the scale margin to thickened inner 
margin of the rim. Margin of scale without a rim but has a thickened 
edge. Base plate with many small holes of differing sizes (Figure 
147). Large papillae scattered over the base plate, less concentrated 
on the proximal end of the scale. Base plate of central portion of 
scale thicker, making it appear to have a darkened shadow. The shadow 
obscures the base plate morphology. 
Discussion: I agree with Kristiansen (1976) that the scale morphology 
of this taxon is sufficiently distinct to warrant species rather than 
variety status. Specimens which have been prepared for EM by shadow 
casting of direct preparations (Kristiansen, 1976, Figure 10) or 
replicas (Harris, 1966) frequently have the appearance of the 
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papillae accentuated and the base plate structure de-emphasized. 
The change in emphasis of these details is similar to what could be 
expected of SEM images and could confuse the observer. 
Mallomonopsls oviformis (Nygaard) Kristiansen var. oviformis 
EM Figures 150-152 
Original Description: Nygaard, 1949. pp. 121-122. Figure 65. 
Critical Reference: Harris, 1966. pp. 178-179. Figures 13-16, Plate 
III. 
Synonyms: Mallomonas oviformis Nygaard 
Mallomonopsis elliptica Matvienko var. oviformis Harris 
Geographical Distribution: Denmark (Asmund, 1959; Kristiansen, 1976), 
Netherlands (Wujek and Van Der Veer, 1976), England (Harris and 
Bradley, 1960; Harris, 1966), Japan (Takahashi, 1978), USA (Wujek and 
Timpano, 1981). 
Description: Cells elliptical to ovoid 18-42 fxm x 11-19 (im. 
Bifurcate bristles scattered over the cell surface, 6-25 (Asmund, 
1959; Harris, 1966). Scales nearly circular (Figure 150) to elliptical 
(Asmund, 1959, Figure 42), 3-7 ^im x 2-4 ^m. Scales with rim and 
thickened margin where the rim is absent. Rim with thickened rib 
extending its length. Base plate with numerous holes. Vermiform 
ornamentation over most of scale, apparently formed by papillae fused 
into short irregular ribs. One to several submarginal rows of papillae 
extend along the distal edge of the scale (Figure 150; Kristiansen, 
1976, Figure 8). 
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Discussion: Harris (1966) placed this taxon in Mallomonopsis because 
it has two flagella. I agree with Kristiansen (1976) that the scale 
morphology of this organism is sufficiently distinct to warrant being 
given species status. 
Synura Ehrenberg 
Synura was the first genus in the family to be described. How­
ever, the original description has been cited in several ways. 
Bourrelly (1968) lists "Ehrenberg (1833), 1835," while Takahashi 
(1978) cites "Ehrenberg (1835)." The citation by Fott and Ludvik 
(1957) is even more contradictory because it lists "Ehrenberg (1838)." 
I was not able to locate the 1835 paper, but Ehrenberg (1838) does 
cite an earlier paper in reference to Synura. 
Diese Gattung, von Welcher bis jetzt nur eine 
gelbiche Art bekanntist, wurde 1833 in den 
Abhandlungen der Berliner Akademie p. 314 
Zuerst beschreiben. 
If the 1833 paper was not published and distributed until 1835, 
Bourrelly's (1968) citation would be explained. Kristiansen (1975b) 
states that Stein gave a much improved early description of 
the type species, Synura uvella. 
In Synura, cells are arranged in oblong (Figure 239) or spherical 
colonies. Cells are pyriform (Figures 163, 181) and bear two hetero-
dynamic flagella which can be observed with PCM. The narrow end of 
the cell is attached to the colony. The scales forming the cell's 
lorica become progressively smaller and nondescript on the posterior 
end of the cell, which is attached to the colony (Figures 180, 181). 
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The spined scales which are present on most species are longer and more 
robust on the swollen, anterior end of the cell (Figure 181). 
Scale morphology was used early as an important taxonomic 
character in this genus (Korschikov, 1929). Light microscope identifi­
cation of scales is possible for many species as shown by Korschikov 
(1929), Huber-Pestalozzi (1941), Fott and Ludvik (1957), and Wee 
(1981). Petersen and Hansen (1956a, 1958), Fott and Ludvik (1957), 
Asmund (1968), Kristiansen (1975b), Balonov (1976b), Takahashi (1978), 
and Wee (1981) have published thorough studies on several species in 
the genus using EM observations. 
The genus is divided into three species complexes, the lapponica 
group, the petersenii group, and the spinosa group, in a scheme similar 
to that presented by Balonov and Kuzmin (1974) and Takahashi (1978) . 
The distinction between groups is based mostly on the nature of the 
spines, central papillae, and scale morphology. Keys to the groups 
with short descriptions complementing the species keys are in Appendix E. 
Five species of Synura are reported from Iowa, uvella, 
petersenii, mollispina, curtispina, and echinulata. Of 
these, four are in the spinosa group and one in the petersenii group. 
All five species can probably be distinguished from each other with 
PCM of scales. Wee (1981) discussed PCM identification of scales of' 
all these species except curtispina and correlated them to SEM and 
TEM observations. The PCM micrographs are illustrated here in Figures 
288-300. 
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curtisplna could be easily confused with S^. echinulata when 
only observed with PCM. The spined anterior scales of both species 
appear similar (Figures 297, 298). However, electron micrographs 
showed the posterior scales to be different (compare Figures 179-180 
and 182, 185, 195). Although I did not observe posterior scales of 
curtispina with PCM, those of echinulata are distinctive 
(Figures 296, 299). Therefore, these species probably can be dis­
tinguished with PCM. 
Both curtispina and mollispina were originally described 
as forms of spinosa and have similar scale morphology upon first 
observation. However, the nature of the reticulum on all scales and 
the morphology of posterior scales are distinct with EM. The distinct 
nature of posterior scales of mollispina can be observed with PCM 
(Figure 295). 
The remaining two species, petersenii and uvella, are 
easily distinguished with PCM from the other species reported from 
Iowa. Scales of petersenii usually do not have visible struts 
when viewed with PCM (Figure 290), but can occasionally be observed 
on large specimens (Figures 288, 289). Both scale types of uvella 
are distinct with PCM (Figures 291-293). 
PCM observations must be used carefully for identification of 
Synura species. For all the species listed above, except uvella, 
there are species not identified from Iowa with similar scale morphology. 
Since these organisms have a cosmopolitan distribution, critical 
studies must be carried out on the remaining species before valid 
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identifications can be made with PCM. uvella is an exception. It 
is distinct enough that it can be precisely identified with PCM 
observations without substantiating EM observations. 
Synura uvella Stein emend Korshikov var. uvella 
EM Figures 154-160 
LM Figures 291-293 
Original Description: Korshikov, 1929. pp. 279-281. Plate XI, 
Figures 31-37. 
Critical Reference: Petersen and Hansen, 1956a. pp. 13-16. Figure 6, 
Plate II, Figures a, b. 
Geographical Distribution: Sweden (Cronberg and Kristiansen, 1980), 
Denmark (Petersen and Hansen, 1956a; Kristiansen, 1975b, 1976, 1978), 
Netherlands (Wujek and Van Der Veer, 1976), Scotland (Bradley, 1966b), 
England (Harris and Bradley, 1956), Wales (Kristiansen, 1979a), 
Czechoslovakia (Fott and Ludvik, 1957), Rumania (Peterfi, 1965b, 1967), 
Greece (Kristiansen, 1980), USSR (Balonov and Kuzmin, 1974; Balonov, 
1976a, 1976b), Japan (Takahashi, 1978), USA (Asmund, 1968; Wujek et al., 
1975; Andersen and Meyer, 1977; Wujek and Weis, 1981; Wee, 1981; Wee 
et , 1981), Chile (Durrschmidt, 1980). 
Description: Ovoid cells united into spherical or oblong colonies, 
100-400 fim across (Takahashi, 1978). Cells pyriform 20-40 j^m x 8-17 pim 
(Takahashi, 1978). Scales 3-6.5 jxm x 2-5 /xm, of two types, spined 
anterior scales (Figure 154) and posterior nonspined scales (Figures 
155-157). Scales with rounded proximal end and straight distal end 
with rim and distal reticulum. Inner margin of rim is a thickened rib. 
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Interior strut-like ribs present between rim and base plate (Figure 
159). Distal reticulum may have a complete secondary covering (Figure 
159), incomplete covering (Figure 158, arrow), or with covering absent 
(Figure 158). Central portion of the scale with holes in the base 
plate. Sometimes holes with a thickened margin (Figures 154, 159). 
Anterior scales with a short spine, 1.5-3.5 ^ m. Spine tip with several 
teeth (Figures 154, 158). Nonspined, body scale shape similar to 
spined scales but more variable in outline, nearly circular (Figure 
157) to somewhat rectangular (Figures 155, 156, 160). Distal edge of 
base plate on nonspined scales unornamented. Inner side of base plate 
with many small holes (Figure 158). 
Discussion: The authority for this taxon has been published in several 
different ways because early descriptions were inadequate (see 
Petersen and Hansen, 1956a; Takahashi, 1978; Kristiansen, 1980; Balonov, 
1976b; Fott and Ludvik, 1957). Ehrenberg's (1838) early description 
was poor and could have been applied to almost any species (Korshikov, 
1929). Stein's description was much better (Kristiansen, 1975b). 
However, it was not until the scale morphology was shown by Korshikov 
(1929) that the taxon became distinctive. Since that time the taxon 
has been well-defined when scale morphology was the primary basis of 
identification, I have used S^. uvella Stein emend Korshikov as the 
name. This species can be easily identified by PCM of scales. 
Synura petersenii Korshikov var. petersenii 
EM Figures 161-167, 188, 190 
LM Figures 288-290, 300 
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Original Description: Korshikov, 1929. pp. 283-285. Plate XI, 
Figures 54-58. 
Critical Reference: Petersen and Hansen, 1956a. pp. 6-11. Figures 1-3 
Plate I, Figures a-c. 
Synonyms: Synura glabra Korshikov 
Synura adamsii Smith 
Synura caroliniana Whitford 
Geographical Distribution: Iceland (Bradley, 1964), Sweden (Kristian­
sen, 1969; Cronberg, 1972, 1980a; Cronberg and Kristiansen, 1980), 
Denmark (Petersen and Hansen, 1956a; Kristiansen, 1975b, 1978), Wales 
(Kristiansen, 1979a), Netherlands (Wujek and Van Der Veer, 1976), 
Greece (Kristiansen, 1980), Czechoslovakia (Fott and Luvdik, 1957), 
Rumania (Peterfi, 1965b, 1967), USSR (Balonov and Kuzmin, 1974; 
Balonov, 1976a, 1976b), Japan (Takahashi, 1978), Tchad (Compere, 1974), 
USA (Asmund, 1968; Wujek and Hamilton, 1972; Wee £t , 1976; Gretz 
^ , 1979; Munch, 1972, 1980; Wujek and Weis, 1981; Wee et al., 
1981), Canada (Puytorac e^ , 1972; Kristiansen, 1975a), Chile 
(Durrschmidt, 1980). 
Description: Cells united into spherical colonies, 30-50 fxm diameter. 
Cells pyriform 9-12 x 7.5-10 pim (Takahashi, 1978). Posterior scales 
(Figures 165, 166) narrowly elliptical, anterior scales broader 
(Figures 165, 166, arrows; 161, 162). Scales 2-6.5 fxm x 1-3.5 pim. 
Scales with rim, struts, and spines. Short ribs may connect the 
struts (Figure 162) or may be absent (Figure 165) . Base plate with 
many small, evenly spaced holes (Figures 162, 164, 165). Spine with 
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maximum length at the distal end of the scale, tapering toward the 
proximal portion (Figures 166, 167). Spine attached to base plate 
over a large portion of the scale. Some TEM (Figure 165) observations 
show a reticulum on the spine. Since it is not visible with SEM 
(Figure 166), it must be on the inside of the spine. Inner side of 
scale smooth. 
Discussion: Synura petersenii is a very common and widespread species. 
Except for several forms or varieties which have been described, it 
is well-defined. One variety, petersenii var. glabra (Figures 191-
194) was described as a separate species by Korshikov (1929). Several 
workers have published election micrographs of this taxon with the 
name glabra (Petersen and Hansen, 1958; Kristiansen, 1980). 
In agreement with Balonov (1976b) and Takahashi (1978), I feel var. 
glabra is a more correct way to designate this taxon. Other taxa 
of petersenii which have been described as forms are f. praefacta 
(Asmund, 1968), f. kufferathii (Petersen and Hansen, 1958), f. asmundiae 
(Cronberg and Kristiansen, 1980), and f. b.joerkii (Cronberg and 
Kristiansen, 1980). 
Some authors (Petersen and Hansen, 1956a; Takahashi, 1978) have 
used the word thorn in place of the word spine. A few aberrant scales 
were observed in this study with EM (Figures 188, 190). Some aberrant 
scales of var. glabra were observed in a Danish collection (Figures 
192-194). Figure 301 may be scales of petersenii with a distorted 
spine as viewed with PCM. 
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Synura mollisplna (Petersen and Hansen) Peterfi and Moraeu var. 
mollispina 
EM Figures 168-173, 196 
LM Figures 294, 295 
Original Description: Peterfi and Momeu, 1977. pp. 17-18. Figures 
17-20. 
Critical Reference: Same as original description. 
Geographical Distribution: Sweden (Cronberg and Kristiansen, 1980), 
Denmark (Petersen and Hansen, 1956a), Rumania (Peterfi and Momeu, 1977), 
USA (Asmund, 1968; Wujek £t £l., 1977; Wee, 1981), Canada (Kristiansen, 
1975a). 
Description: Cells pyriform, arranged in colonies. Scales 3-9 jim x 
1-4 fim, morphology quite variable (Figures 168-171). Scales with 
characteristic honeycombed reticulum over entire base plate and with 
rim. Reticulum sometimes extends under the rim giving the impression 
that struts are present (Figures 168-171). Distal portion of reticulum 
sometimes forms short ribs perpendicular to the scale's edge (Figures 
168, 170). An external, secondary layer frequently lays over the 
reticulum, covering much or little of it (Figure 173) . The secondary 
layer may completely occlude the meshes it covers (Figure 173) or 
partially occlude them (Figures 172, 196). Anterior scales oval and 
long spined (Figures 168, 172, 196). Scales located medianly on the 
cell with short spines or with spines absent (Figure 169, scales 
without arrow). Spines up to 4 fxm. Posterior scales on the narrow 
posterior portion of the cell nearly rectangular (Figure 169, arrow) 
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or triangular (Figure 170, arrow). Triangular scales frequently with 
a conspicuously thickened margin (Figure 170, arrow, Peterfi and Momeu, 
1977). 
Discussion: This taxon was first described by Petersen and Hansen 
(1956a) as S. spinosa Korshikov f. mollispina. I agree with Peterfi 
and Momeu (1977), who raised it to species status. The variety of 
scale types and partial secondary layer on the reticulum are distinctive, 
making identification of scales possible with PCM. 
Synura curtispina (Petersen and Hansen) Asmund var. curtispina 
EM Figures 174-180 
Original Description: Asmund, 1968. pp. 506-508. 
Critical Reference: Petersen and Hansen (1956a. p .  22. Plate III, 
Figures a, b, and original description. 
Synonym: Synura spinosa Korshikov f. curtispina Petersen and Hansen 
Geographic Distribution: Sweden (Cronberg and Kristiansen, 1980), 
Denmark (Petersen and Hansen, 1956a), Netherlands (Wujek and Van Der 
Veer, 1976), Greece (Kristiansen, 1980), Bangladesh (Takahashi and 
Hayakawa (1979), Japan (Takahashi, 1978), USA (Asmund, 1968; Wujek 
and Hamilton, 1972, as spinosa; Andersen and Meyer, 1977; Wujek 
and Weis, 1981), Canada (Kristiansen, 1975a), Chile (Durrschmidt, 1980). 
Description: Cells pyriform, arranged in colonies. Scales 3-5.5 |im 
X 2-3 (xm (Takahashi, 1978). Scale morphology intergrades from typical, 
long-spined, anterior scales (Figures 175, 176) to non-spined posterior 
scales (Figures 179, 180). Figures 176-178 demonstrate intermediate 
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scale morphologies. Scales with rim and a honeycombed reticulum on 
the distal one-half to one-third of the scale. Usually each mesh of 
the reticulum has a hole in the secondary layer which covers the 
reticulum. Secondary layer absent or only partially present on 
posterior scales (Figures 179, 180). Spined scales with a row of 
holes on the distal scale margin and short ribs perpendicular to the 
scale's edge, extending from the reticulum. Proximal two-thirds to 
one-half of the base plate on the interior of the rim with holes which 
sometimes have a thickened margin (Figures 174-177). Spines up to 
1.5 fim long. Extreme posterior scales ornamented with thickened 
edge formed by rim which extends completely around the scale (Figure 
180). Other posterior scales (Figures 178, 179) have a less extensive 
rim and reticulum. 
Discussion: This taxon was originally described as a form of S^, 
spinosa by Petersen and Hansen (1956a). In 1968, Asmund raised it to 
species status. Asmund (1968) also described an additional form, 
curtispina f. reticulata. 
Synura echinulata Korshikov var. echinulata 
EM Figures 181-187, 189 
LM Figures 296, 299 
Original Description: Korshikov, 1929. pp. 282-283. Plate XI, 
Figures 42-53. 
Critical Reference: Petersen and Hansen, 1956. pp. 16-19. Figures 7-8 
Geographical Distribution: Iceland (Bradley, 1964), Sweden (Kristiansen 
1969; Cronberg, 1980a; Cronberg and Kristiansen, 1980), Denmark 
92 
(Petersen and Hansen, 1956a, 1958; Kristiansen, 1975b, 1976, 1978), 
Netherlands (Wujek and Van Der Veer, 1976), Scotland (Bradley, 1966b), 
England (Harris and Bradley, 1958), Wales (Kristiansen, 1979a), 
Rumania (Peterfi, 1965b; Peterfi and Momeu, 1977), Czechoslovakia 
(Fott and Ludvik, 1957), USSR (Balonov and Kuzmin, 1974; Balonov, 
1976a, 1976b), Japan (Takahashi, 1978), USA (Asmund, 1968; Wujek and 
Hamilton, 1973; Munch, 1980; Wujek and Weis, 1981; Wee, 1981; Wee 
£t , 1981), Canada (Puytorac £t al^., 1972; Kristiansen, 1975a), 
Chile (Durrschmidt, 1980). 
Description: Cells pyriform (Figure 181), arranged in colonies. 
Scales intergrade (Figure 181) between anterior, long-spined scales 
(Figures 184, 189) and posterior short-spined scales (Figures 182, 
185, 195). Spines up to 2 ;im long, hollow with a hole opening on the 
inner side of the base plate (Figure 187). Scales 2-5 jim x 1.5-3.5 pm, 
with rim. Distal scale margin with a row of holes in the base plate 
and short ribs perpendicular to the scale's edge (Figures 182-184). 
Distal one-third to two-thirds of the scale with a raised thickening 
(Figures 183, 185). Characteristic vermiform ribs internal to the 
thickening, visible only with TEM (Figures 182, 184). Sometimes ribs 
so dense that they are obscured (Figure 189). The proximal one-third 
to one-half of the base plate on the interior of the rim with holes 
(Figures 182, 184, 185, 186). Inner side of base plate also with 
holes in this region (Figure 187). Anterior scales nearly circular 
(Figures 184, 189). Posterior scales longer and narrower with a wide 
variation in length and shape (Figures 182, 185, 195). 
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Discussion: This widespread species is well defined. echinulata 
f. leptorrhabda has been described by Asmund (1968) and echinulata 
f. multidentata has been described by Balonov and Kuzmin (1974). 
Paraphysomonas (Stokes) de Saedeleer 
The type species of the genus, Paraphysomonas vestita (Stokes) de 
Saedeleer was first published as Physomonas vestita by Stokes in 1885 
(Manton and Leedale, 1961). The early history of the genus has been 
reviewed by Manton and Leedale (1961). They report that de Saedeleer 
proposed the name Paraphysomonas due to a nomenclatural problem. 
Korshikov (1929) provided an excellent early observational study of 
P^. vestita and demonstrated the heterotrophic nature of this organism. 
vestita was the only species in the genus until 1967. Since then 
at least ten additional species have been described (see Appendix E). 
Thomsen (1975) and Takahashi (1967, 1978) published comprehensive 
studies of the genus based on EM observations. 
Organisms in Paraphysomonas have two heterodynamic flagella of 
unequal length and are heterotrophic, unicellular, and colorless. 
The cells are small, nanoplanktonic, and covered with many scales. 
The commonly reported fresh-water species usually have scales which 
are nearly circular in shape with a long centrally positioned spine 
(Figures 27, 197-208), which usually gives the organism a bristly 
appearance (Figures 199, 202). Species with crown scales (Figure 26) 
are known and have been reported from fresh water (Takahashi, 1978; 
Kristiansen, 1980). On the basis of scale morphology, I divided the 
genus into two species complexes, the vestita group and the butcheri 
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group. This system is similar to that of Rees ^  (1974). Keys 
to the groups and species are in Appendix E. 
The taxonomy of vestita and P. imperforata has been particularly 
troublesome. Originally P. vestita was known only from fresh-water 
habitats and P. imperforata from marine habitats (Thomsen, 1975). 
Additionally, the nature of the spine tip, the presence or absence of 
a thickened scale margin, and size differences of the scales separated 
these species. Thomsen (1975) cited some evidence refuting the size, 
habitat, and scale margin differences. This leaves only the spine 
tip as a consistent character separating the two taxa. Lee (1978) 
presents data on salinity tolerances which are the same for both taxa. 
Takahashi (1976, Figures 19-22) also presents some scale forms inter­
mediate between these taxa. Further studies are needed to verify 
these observations, and possibly synonomize them. 
The scales are small and lightly silicified. They are not easily 
visible and are often overlooked. The live cell in Figure 240 could 
be either a species of Spiniferomonas, Chrysosphaerella, or Para-
physomonas. A precise determination of the genus cannot be made without 
EM examination of scale morphology. Therefore, EM observation is a 
requirement for precise identification in the genus. Contrast enhancing 
techniques for EM such as shadowcasting are particularly useful on the 
small scales such as P^. bandiensis, common in this genus. The scale 
in Figure 288 (arrow) is of either vestita or imperforata. 
Paraphysomonas vestita (Stokes) de Saedeleer var. vestita 
EM Figures 197, 199, 200, 203, 205 
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Original Description, de Saedeleer, 1929. pp. 177-178. 
Critical Reference: Takahashi, 1978. pp. 81-82. Figures 60, 266-270, 
27A. 
Synonym: Physomonas vestita Stokes 
Geographical Distribution: Greenland (Nygaard, 1978), Sweden (Cronberg, 
1980a; Cronberg and Kristiansen, 1980), Denmark (Thomsen, 1975; 
Kristiansen, 1976, 1978), Netherlands (Wujek and Van Der Veer, 1976), 
England (Manton and Leedale, 1961), Wales (Kristiansen, 1979a), Greece 
(Kristiansen, 1980), USSR (Balonov, 1972, 1976a), Japan (Takahashi, 
1978), USA (Wujek and Hamilton, 1973; Andersen, 1978; Gretz et al., 
1979; Wujek and Weis, 1981; Wee £t ^ ., 1981), Chile (Durrschmidt, 
1980) . 
Description: Cells spherical (Figure 199), 8-20 /urn diameter, bi-
flagellate, sometimes sessile usually motile (Takahashi, 1978; 
Thomsen, 1975; Korshikov, 1929; Balonov, 1972). Scales numerous, of 
only one type, tack-like (Figures 27, 203, 205). Scales 0.5-2.5/um 
diameter. Spines 1.5-7 ^ m (Takahashi, 1978). Scales with a thickened 
margin surrounding the scale (Figures 197, 200, 203, 205). Spine 
tapers gradually to a fine point (Figures 197, 203, 205). 
Discussion: This species is well-known and frequently reported. In 
the previous discussion on the genus, the taxonomic problems between 
P. vestita and imperforata are examined. 
Paraphysomonas imperforata Lucas var. imperforata 
EM Figures 198, 20A 
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Original Description: Lucas, 1967. p. 330. Plate I A, B, D. 
Critical Reference: Thomsen, 1975. pp. 117-120. Figures 6-9, 11-13. 
Geographical Distribution; Sweden (Cronberg, 1980a; Cronberg and 
Kristiansen, 1980), Denmark (Thomsen, 1975; Kristiansen, 1976, 1978), 
Netherlands (Wujek and Van Der Veer, 1976, Figure 32, not Figure 31 
as designated), England (Lucas, 1967), Greece (Kristiansen, 1980), 
USA (Andersen, 1978), Chile (Durrschmidt, 1980), New Zealand (Moestrup, 
1979), Gulf of Elat (Thomsen, 1978). 
Description: Cells ovoid, 3.8-5.1/xm (Lucas, 1967), slightly metabolic, 
biflagellate. Scales numerous, tack-like (Figures 27, 198, 204; 
Thomsen, 1975, Figure 10). Scales 0.5-1.5/mm diameter. Spines 0.8-
4.2 (Thomsen, 1975). Scale margin without thickening. Spine 
tapers only slightly along its length except at the tip where it 
constricts quickly, becoming nipple-like (Figures 198, 204, arrows). 
Discussion: This species has been frequently reported. In a previous 
discussion on the genus, the taxonomic problems between vestita 
and imperforata are examined. 
Paraphysomonas bandiensis Takahashi var. bandiensis 
EM Figures 201, 202 
Original Description: Takahashi, 1976. p. 41. Figures 6-8. 
Critical Reference: Same as original description. 
Geographical Distribution: Greece (Kristiansen, 1980), Japan 
(Takahashi, 1976, 1978). 
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Description: Cells motile ovoid or spherical, 4-5 across (Figure 
202; Takahashi, 1976, 1978). Cells densely covered with scales, 
biflagellate (the short flagellum is missing in Figure 201). Scales 
tack-like with central spine. Scales small 0.3 /Lim diameter, margin 
thickened. A row of holes along the margin may be present (Figure 201; 
Kristiansen, 1980, Figure 21) or absent (Takahashi, 1976, Figure 8). 
Spines, 0.3-0.6 fXrci, blunt tipped, taper only slightly. 
Discussion: This recently described species has been reported rarely. 
The dimensions of the scales in Figure 201 are similar to those given 
by Takahashi (1976, 1978) except the spine is somewhat longer. 
Takahashi's specimens did not have the row of holes along the margin, 
although they were shown by Kristiansen (1980, Figure 21). 
Spiniferomonas Takahashi 
Spiniferomonas is the most recently described genus in the 
Synuraceae (Takahashi, 1973). In his description, Takahashi (1973) 
described seven species and listed bourrellli as the type species. 
Nichols (1981) in a recent revision included nine species. Compre­
hensive studies of the genus using EM observations and also including 
keys to the species have been provided by Nichols (1981), Takahashi 
(1973), and Balonov (1978b). For this reason, it was not considered' 
necessary to include keys to species of Spiniferomonas in Appendix E. 
Organisms in the genus Spiniferomonas are unicellular, spherical 
to ovoid, and with two flagella of unequal length (Takahashi, 1978). 
The live organism illustrated in Figure 240 may be a species of 
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Spinlferomonas. To determine precisely if it is Spiniferomonas sp. or 
a similar taxon, such as Paraphysomonas sp., or a unicellular 
Chrysosphaerella sp., the scale morphology must be examined with EM. 
Although morphologically similar to Paraphysomonas, Spiniferomonas 
has a brown chloroplast and is not reported to be an obligate heterotroph. 
Only scale morphology separates Chrysosphaerella from Spiniferomonas 
(Nichols, 1981). 
The scales which form the lorica around the cell are of two types, 
tack-like with a long spine attached in the center (Figure 28) or 
circular to elliptical without a spine but with central lacunae 
(Figures 29, 30). Scales of several species are provided in Figures 
209-215. 
Only one species, trioralis was reported from Iowa and is the 
first report of the genus from the state. Scales thought to be of 
trioralis should be compared with a similar species, abei (Nichols, 
1981). 
Spiniferomonas trioralis Takahashi var. trioralis 
EM Figures 209-211, 213 
Original Description: Takahashi, 1973. p. 78. Figures 16-18. 
Critical Reference: Nichols, 1981. p. 109. Figures 7-9. 
Geographical Distribution: Denmark (Kristiansen, 1976, 1978), Sweden 
(Cronberg, 1980a; Cronberg and Kristiansen, 1980), Wales (Kristiansen, 
1979a), Greece (Kristiansen, 1980), USSR (Balonov, 1977, 1978b), 
Japan (Takahashi, 1973, 1978), USA (Wujek et al., 1975; Stoermer and 
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Sicko-Goad, 1977; Gretz £t £l., 1979; Wee £t , 1981), Canada 
(Kristiansen, 1975a; Nichols, 1981), Chile (Durrschtnidt, 1980). 
Description: Cells spherical, 5-6/Lim, with two flagella of unequal 
length (Takahashi, 1978). Scales of two types, spined scales and 
elliptical scales (Figures 209, 210). Elliptical scales 1-2.5/xm 
X 0.5-1.4/im, with an elliptical rib forming a single lacuna (Figures 
209, 210). Spined scales with circular base. Spines 2.5-20 ^ m, 
with three flattened portions or "vanes" joined at one common point 
(Figures 209-211, 213). Spine tip tapers to a fine point (Figures 211, 
213). 
Discussion: trioralls is well-defined and is probably the most 
commonly reported species of the genus. 
Spiniferomonas sp. 
EM Figures 226-228 
Illustrated in Figures 226-228 are the scales of an unknown 
species. The two scale types, elliptical scales with a central 
lacuna and spined scales with cone-shaped bases, are characteristic 
of Spiniferomonas. The scales of the taxon illustrated here are very 
similar to an undescribed species illustrated by Takahashi and Hayakawa 
(1979, Figures 30, 31). Of the species in Spinferomonas, the 
morphology of the spined scales is most similar to bourrellii. 
However, the ornate nature of the holes in the rib forming the central 
lacuna is much different from any previously described species. 
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Chrysosphaerella Lauterborn em. Nichols 
The genus Chrysosphaerella was established by Lauterborn (1896, 
1899) and has been emended recently by Nichols (1980). Harris and 
Bradley (1958) have described the history of the genus. Asmund (1973) 
surveyed it, noting problems peculiar to it. 
The nature of the flagella and the plant body type have been in 
question. Traditionally, in the USA (see Smith, 1950; Prescott, 1962), 
this genus has been considered to be uniflagellate. The basal body 
of a second flagellum was observed with EM, corraborating some previous 
light microscope reports (Wujek, 1968). Although the genus was 
originally established as being colonial, two unicellular species, 
C^. coronacircumspina and salina, have been described (Wujek ^  , 
1977; Preisig and Takahashi, 1978; Birch-Anderson, 1973). Nichols' 
emended description includes unicellular and colonial species with 
heterokont flagellation and separates Chrysosphaerella from Spiniferomonas 
on the basis of scale and spine morphology. Chrysosphaerella cells 
are covered with both non-spined scales (Figure 25) and spined scales 
(Figure 24). The spined scales project from the cell in all directions. 
The base of the spined scale has a double disc arrangement which gives 
them an appearance similar to a jousting lance (Figure 24). The 
emended description proposed by Nichols (1980) is used here. A key' 
to the species is in Appendix E. 
Four species are currently accepted as valid in Chrysosphaerella 
(Nichols, 1980). Three of these, brevispina, £. longispina, and 
C^. coronacircumspina, are common in fresh water. brevispina 
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was reported from Iowa (Wee, 1976). (See Nichols, 1980, for a discussion 
of the taxonomic problems between multispina and C. longispina.) The 
nature of the scale base is distinctive for these three species 
(Figures 217, 224, 225). The scale base is visible with PCM, making 
species identifications possible with light microscopy (personal 
observation). However, only brevispina is illustrated here with 
PCM (Figure 287). Elliptical scales of brevispina and longispina 
can be distinguished with EM (Figures 219-222; Nichols, 1980, Figures 2, 
3) on the basis of the morphology of the interior ribs. The ribs of 
C. longispina are directed inward from the submarginal rib while those 
of C. brevispina (Figure 220) are directed outward. Although elliptical 
scales of C. brevispina and £. coronacircumspina are similar morpholog­
ically, they can be separated by size (Wujek ^  aJL., 1977). The 
elliptical scales of C. coronacircumspina are smaller. 
Chrysosphaerella brevispina Korshikov var. brevispina 
EM Figures 216-223 
LM Figure 287 
Original Description; Korshikov, 1942. pp. 31-35. Figure 7. 
Critical Reference; Harris and Bradley, 1958. pp. 75-78. Figures 6-9, 
Plate II, Figures 9-13. 
Geographical Distribution: Sweden (Cronberg, 1980a; Cronberg and 
Kristiansen, 1980); Denmark (Asmund, 1973; Kristiansen, 1976, 1978), 
England (Harris and Bradley, 1958), Czechoslovakia (Fott and Ludvik, 
1956), Rumania (Peterfi, 1967), USSR (Balonov, 1976a), Bangladesh 
(Takahashi and Hayakawa, 1979), Japan (Takahashi, 1978), Canada 
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(Kristiansen, 1975a), USA (Wujek and Hamilton, 1972; Andersen and 
Meyer, 1977; Gretz , 1979), Chile (Durrschmidt, 1980). 
Description: Cells arranged in spherical colonies with long spines 
extending away from the colony (Figure 24), usually coated with 
mucilage (Harris and Bradley, 1958). Colonies up to 35 in diameter, 
up to 25 cells per colony, usually 10-15. Cells up to 14 /um in 
diameter (Korschikov, 1942). Cells pyriform, biflagellate with 2-11 
spined scales per cell. Second flagellum short about 5 jum (Korshikov, 
1942). Spined scales with a double disc base (Figures 216-218, 223). 
Discs of about the same size, connected by a short tapering post. 
Proximal side of upper disc invaginated along the post (Figure 223). 
Tip terminally notched (Harris and Bradley, 1958, Figure 13). Spined 
scales 8-25/Jim long. Non-spined scales elliptic 1-4 ^ m x 1-2.5 
(Figures 219-222). Center of scale separated from the periphery by 
an elliptical scalloped rib. The center as seen with EM of replicas 
is a platform slightly raised above the rest of the scale (Harris 
and Bradley, 1958, Figure 10). 
Discussion: This taxon is well-defined and can be identified by PCM 
of spined scales (Figure 287). Under the correct conditions, the 
distal basal disc can be observed on a living organism (Figure 242, 
arrow). 
Chrysosphaerella coronacircumspina Wujek and Kristiansen var. 
coronacircumspina 
EM Figure 225 
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Original Description: Wujek^al., 1977. pp. 191-193. Figures 4-6. 
Critical Reference: Preisig and Takahashi, 1978. pp. 135-142. 
Figures 1-20 (as C. solitaria). 
Synonym; Chrysosphaerella solitaria Preisig and Takahashi 
Geographical Distribution: Greenland (Nygaard, 1978), Sweden 
(Kristiansen, 1969, Figure 20; Cronberg and Kristiansen, 1980), 
Switzerland (Preisig and Takahashi, 1978), USA (Wujek £t , 1977; 
Wee ^  , 1981). 
Description: Organisms unicellular, spherical, about 8-15 jum diameter 
and with two flagella of different lengths. Numerous elliptical and 
up to 13 spined scales per cell (Preisig and Takahashi, 1978). 
Spined scales (Figure 225) with a flattened, finely branched tip 
(Figure 225; Preisig and Takahashi, 1978). Base of scale composed 
of two discs. The proximal disc slightly conical with the distal 
disc attached to it. The distal disc projects from the proximal disc 
in a crown-like manner (Figure 225). The spine is attached in the 
center of the scale base. Spined scales 7-25 /im. Nonspined scales 
elliptical or circular, small, 2-3 x 0.5-2.0/itm (Wujek ^  , 1977; 
Preisig and Takahashi, 1978, Figure 17). Center of scale separated 
from the periphery by an elliptical scalloped rib. 
Discussion: This taxon was described by both Wujek and Kristiansen 
(in Wujek ^  » 1977) and Preisig and Takahashi (1978). Since 
Wujek and Kristiansen published it earlier, the name C. corona-
circumspina takes precedence. Although not illustrated here, the 
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spined scales of this species can be identified with PCM (personal 
observation). 
Using electron microscopy to make observations, 34 taxa in the 
Synuraceae were identified from 27 lowan collections. Most of the 
taxa in my previous studies (Wee, 1976; Wee ^  , 1976) were 
collected again as well as many other taxa not previously reported 
from Iowa (Table 4). 
Mallomonas sp. 1 (Wee, 1976) is Mallomonas insignis. Mallomonas 
sp. 2 was observed with PCM and probably is either Mallomonas cratis 
or Mallomonas striata. The previous reports of Mallomonas tonsurata 
var. tonsurata and M. tonsurata var. alpina utilized SEM and may be 
incorrect. Without TEM micrographs, it is difficult to see of how many 
layers the scale is composed. Both taxa belong to the intermedia 
group (Tripartae, Mallomonas). In the present study I found considerable 
variation in the morphology of bristles attached to scales resembling 
those of M. tonsurata var. tonsurata. In literature references as well 
as my own collections from Iowa and other U.S. locations (personal 
observation), I noted cells and scales of somewhat intermediate 
morphology of taxa in this group. Since bristle morphology is an 
important character in the intermedia group, the entire species complex 
should be re-examined critically. The varieties of M. acaroides 
reported in 1976 also seem questionable in light of the existence of 
some intermediate forms. 
Table 4. Synuraceae collected in Iowa 
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M. cratis var. cratis 
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M. striata 
M. striata var. serrata 
M. tonsurata var. tonsurata 
M. tonsurata var. alplna 
M. papulosa var. papillosa 
M. pillula var. pillula 
M. annulata var. annulata 
M. insignis var. insignis 
M. doignonii var. doignonii 
M. mangofera var. mangofera 
M. pumilo var. pumllo 
M. akrokomos var. akrokomos 
M. multiunca var. multiunca 
M. heterospina var. heterospina 
M. Caudata var. caudata 
M. teilingii var. teilingii 
Mallomonopsis salina var. salina 
M. oviformis var. oviformis 
Springbrook Lake 
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(11-9-79) 
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Table 4. Continued 
CO 
u 
(U 
0) to 
u CO cu P3 /-s 
CO o Rj hJ H o O 
hJ 00 PL( O O O 00 C CO 
1 00 r—1 00 33 1 O 1 
TJ 0) 1 r~( 1 CNI  ^CN 
c CS & m to vO 0) i-H tO rH 
o 1 U 1 S 1 1  ^ 1 
e iH O -0- U <r •H O-
to V ' bO —' u ' c  ^
•H H •H (U 
Q z PQ s 
Mallomonas acaroides 
M. pseudocoronata var. 
pseudocoronata 
M. cratis var. cratis 
M. cratis var. asmundiae 
M. striata 
M. striata var. serrata 
M. tonsurata var. tonsurata 
M. tonsurata var. alpina 
papillosa var. papillosa 
M. pillula var. pillula 
M. annulata var. annulata 
M. insignis var. insignis 
M. doignonii var. doignonii 
M. mangofera var. mangofera 
M. pumilo var. pumilo 
M. akrokomos var. akrokomos 
M. multiunca var. multiunca 
M. heterospina var. heterospina 
M. caudata var. caudata 
M. teilingii var. teilingii 
Mallomonopsis salina var. salina 
M. oviformis var. oviformis 
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(6-10-80) 
Highway 9 Pond 
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"Three-Corner Pond" 
(6-11-80) 
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Synura uvella var. uvella 
petersenii var. petersenii 
mollispina var. mollispina 
curtispina var. curtispina 
echinulata var. echinulata 
Paraphysomonas vest'ita var. vestita 
f^ . imperf orata var. imperforata 
]P. bandiensis var. bandiensis 
Splniferomonas trioralis var. 
trioralis 
Splniferomonas sp. 
Chrysosphaerella brevispina 
var. brevispina 
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(11-9-79) 
"Dodd's Pond" 
(11-19-79) 
Jemmerson Slough 
(11-19-79) 
Prairie Lake 
(11-19-79) 
Miniwakon Bay 
(1-26-80) 
Kettle Hole 
(1-27-80) 
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Many of the taxonomic problems discussed previously in Series 
Tripartae (Mallomonas) are related to bristle morphology. The use of 
bristle morphology as a major taxonomic character for species in the 
Tripartae should be re-examined critically since some evidence 
indicates that bristle morphology may be correlated with environmental 
conditions. They may be ecotypes. Traditionally, the major taxonomic 
features of the family have been cell and scale morphology. To main­
tain consistency throughout the family, bristle morphology should be 
used with caution to avoid the possibility of labeling ecotypes as 
species. 
In my previous study (Wee, 1976; Wee ^  a]^., 1976), I reported 
species of Synura, Paraphysomonas, and Chrysosphaerella from Iowa. 
All were collected again in this study as well as several additional 
species new to Iowa. However, the previous report of Paraphysomonas 
imperforata has proven incorrect since the organism illustrated is a 
species in the Heliozoa. A few cells of P. imperforata with the 
characteristic scale morphology were observed in the recent study 
from one lowan location (Table 4). 
Two genera, Mallomonopsis and Spiniferomonas, not previously 
reported from Iowa, were observed in this study. Two species in each 
genus were identified. One of the species of Spiniferomonas apparently 
is undescribed. 
Of the 34 taxa reported here, on the basis of electron microscopy, 
I feel at least ten of them can be reliably identified on the basis of 
PCM of scales. They are Mallomonas pseudocoronata, M. insignis, 
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M. akrokomos, M. multlunca, M. heterospina, M. caudata, M. teilingll, 
Synura uvella, Chrysosphaerella brevispina, and coronacircumsplna. 
Further study of species with similar scale morphology should enable 
Identification of many more species to be made using PCM observations 
of scales. Examples are acaroides group (Tripartae, Mallomonas) 
and species of Synura with scale morphology similar to mollisplna 
and echinulata. Kristiansen (1976) states that several species in 
the elliptica group of Mallomonopsis can be differentiated with light 
microscopy. Using EM, I reported two of those species here, but I was 
not able to identify them with PCM. Kristiansen does not give specific 
details on their PCM characters, and I observed too few specimens to 
make a thorough study. 
Reliable identifications of some species will be restricted to 
those made with EM observations. Examples are the papillosa group 
(Tripartae, Mallomonas), the doignonii group (Torquatae, Mallomonas), 
as well as species in the genera Spiniferomonas and Paraphysomonas. In 
many cases, a collection can be examined with EM and these observations 
correlated with PCM observations. In this way, taxa present in a sample 
can be differentiated from each other. This allows a larger portion 
of the sample to be examined more economically and efficiently, e.g., 
in ecological studies. 
Only a few species reported in this study have a cell morphology 
distinctive enough to be precisely identified with PCM. They are 
Mallomonas pseudocoronata, M. insignis (possibly only when the 
extended caudal region is present), M. heterospina, M. akrokomos, and 
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M. caudata. M. akrokomos is unique to the family because, using PCM, 
it is more easily identified by cell morphology than by scale morphology. 
Until recently, American phycologists used colony and/or cell 
morphology as a primary means of identifying Synuraceae. The difficulty 
and frustration of such efforts is shown in this quotation by Korshikov 
(1929) in reference to Synura: 
As the form, size and general structure of their cells are 
so similar and, at the same time so variable in dependence 
on environmental conditions, as not to be of any service as 
distinctive characters ... as to me, I never felt myself on 
firm ground in identifying Synura species. 
On the other hand, European authors began to use scale morphology as a 
primary taxonomic character much earlier, e.g., Korschikov (1929), 
Huber-Pestalozzi (1941). However, until electron microscopy came 
into common use in the mid-1950s, the value of scale morphology as a 
taxonomic character was not fully appreciated. Since then, identifica­
tions of Synuraceae have not been considered valid unless based on EM 
observations. 
The paucity of information (Table 1) on the Synuraceae from Iowa 
is understandable since none of the lowan reports used EM observations. 
The correct identification of many of the species in these previous 
studies is doubtful. Mallomonas plossii (Edmonson, 1906) has been 
considered to be the same as Mallomonas acaroides (Kristiansen, 1979b; 
Fott, 1962). However, many Mallomonas species have similar cell 
morphologies. Since M. acaroides is reported from Iowa with EM here, 
the possibility exists that this is the correct name for Edmonson's 
specimens. Synura adamsii (Prescott, 1927, 1931) is synonymous with 
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Synura petersenli, another species which I report. However, the same 
problem occurs here as with M. plossii; several species have similar 
cell morphologies. Several reports were also made of Synura uvella 
(Table 1) which did not use scale morphology for species determination. 
These workers, probably in frustration, called the organism uvella, 
because it is a common species and is also the type species. Since 
the cell morphology of Mallomonas pseudocoronata is distinctive, the 
report by Kutkuhn (1958) is probably correct. I was not able to 
determine if Mallomonas frensii (Spencer, 1917) is similar to any 
species observed by EM. 
There is a difficult taxonomic problem in the Synuraceae which 
these studies demonstrate. For many years much work was done on 
Synuraceae using light microscopy of cells. However, because so 
little morphological data could be used for identification, many of 
the species were questionable and also were difficult to correlate 
with EM observations. This difficulty has been thoroughly reviewed 
by Kristiansen (1979b) . 
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SUMMARY 
This survey uses both light and electron microscopy to update 
and expand the previous reports of Synuraceae in Iowa to include 34 
taxa in six genera. The six genera reported here are all commonly 
reported world wide (Takahashi, 1978). The other genera listed in 
the family (Table 2) are at least very rare and may be taxonomic 
enigmas (Kristiansen, 1979b). 
In recognition of the fact that many workers do not have access 
to an SEM or TEM or must process large numbers of samples where EM 
is not economically feasible, e.g., for ecological work, I investigated 
the utility of light microscopic observations and correlated them 
with those made with EM. Using the information and techniques provided 
here, researchers such as those involved in large scale field in­
vestigations, can definitely increase the resolution of their in­
vestigations over previous methods which relied only on light 
microscopy of colony and/or cell morphology. 
Each of the taxa reported here is described as completely as 
possible using SEM, TEM, and PCM observations of cells and scales. 
The combination of these types of microscopic observations makes 
descriptions more complete and the understanding of the organism's 
morphology more thorough. The SEM provides a three dimensional image 
in comparison to the TEM which provides a thin flat image. Workers 
who have access only to an SEM may find difficulty in using TEM 
micrographs commonly provided in the literature. Many of my descrip­
tions will be particularly useful to those workers. 
118 
Most species of Synuraceae have a cosmopolitan world-wide 
distribution. Therefore, precise identification relies heavily on 
an international knowledge of the literature. Additionally, except 
in the genus Spiniferomonas, no single English reference exists with 
keys to all known species and associated references with electron 
micrographs. In a first attempt to alleviate this problem, I have 
written keys (Appendix E) to all species which have been described 
or illustrated with electron microscopy of which I am aware. If a 
species is not described here, I have listed pertinent references 
which describe and illustrate it. In some cases I have provided 
electron micrographs of scales of taxa not reported from Iowa in 
order to clarify the keys. 
The keys basically follow the systematics of the family as 
described by previous authors; particularly Harris and Bradley (1960), 
Rees £t (1974), Balanov and Kuzmin (1974), Peterfi and Momeu 
(1976), and Takahashi (1978). The species are grouped artificially 
on the basis of scale morphology as observed with EM. The keys are 
not an attempt to revise the family, but rather provide a systematic 
way of examining the literature to make identifications easier and 
more precise. 
Plate I. Scale, Bristle, and Spine Forms 
in Mallomonas and Mallomonopsis^ 
Figure 1. Domed scale typical of Series Tripartae (Mallomonas) 
(EM Figure 31). 
Figure 2. Nondomed scale (EM Figure 68). 
Figure 3. Scale typical of Planae (Mallomonas) and similar to the 
elliptica group (Mallomonopsis) (EM Figure 135). 
Figure 4. Collar scale typical of Series Torquatae (Mallomonas) 
(EM Figure 97). 
Figure 5. Domed scale typical of punctifera-heterospina group 
(Planae, Mallomonas) (EM Figure 145). 
Figure 6. Scale with ribbed wings (EM Figure 106). 
Figure 7. Body scale lychensis group (Torquatae, Mallomonas) 
(EM Figure 110). 
Figure 8. Body scale of akrokomos group (Planae, Mallomonas) 
(EM Figure 117). 
Figure 9. Scale of punctifera-heterospina group (Planae, Mallomonas) 
(EM Figure 122). 
Figure 10. Scale with spine and corona (Tripartae, Mallomonas) 
(EM Figure 40) . 
Figure 11. Posterior scale with spine (Torquatae, Mallomonas) 
(EM Figure 93) . 
Figure 12. Helmet bristle (EM Figure 125). 
Figure 13. Furcate bristle (EM Figure 77). 
Figure 14. Needle bristle (EM Figure 102). 
Figure 15. Serrate bristle (EM Figure 75). 
Abbreviations Used on Plate I 
H = hood 
R = rib 
Ri = rim 
C = corona 
D = dome 
F = flange 
S = shield 
Sp = spine 
St = strut 
V = V-rib 
W = wing 
All structures are oriented with the distal end towards the 
top of the page. Corresponding EM figures are provided for each 
structure. 

Plate II. Scale types in Synura^ 
Figure 16. 
Figure 17. 
Figures 18 
Figure 21. 
Figure 22. 
Figure 23. 
Anterior scale typical of the petersenii group (EM Figure 162). 
Anterior scale typical of the spinosa group (EM Figure 172). 
20. Various types of anterior scales of the spinosa group 
(EM Figures 154, 182, 177). 
Body scale of the spinosa group (EM Figure 169). 
Posterior scale of the spinosa group (EM Figure 170). 
Scale typical of the lapponica group. 
Abbreviations Used on Plate II 
F = flange 
R = rib 
Ri = rim 
St = strut 
Sp = spine 
S = shield 
^All structures are oriented with the distal end towards the top 
of the page. Corresponding EM figures are provided. 
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Plate III. Scale types in Chrysosphaerella, 
Spiniferomonas, and Paraphysomonas^ 
Figures 24-25. Chrysosphaerella. 
Figure 24. Scale with conspicuous spine typical of Chryso­
sphaerella (EM Figure 216). 
Figure 25. Scale typical of Chrysosphaerella (EM Figure 220). 
Figures 26-27. Paraphysomonas. 
Figure 26. Crown scale typical of the butcheri group of 
Paraphys omonas. 
Figure 27. Tack-like scale typical of the vestita group 
(EM Figure 205). 
Figures 28-30. Spiniferomonas. 
Figure 28. Tack-like scale typical of Spiniferomonas (EM Figure 
211). 
Figures 29-30. Scales typical of Spiniferomonas (EM Figure 215). 
Note that the distal end of the structure is towards the top 
of the page. Corresponding EM figures are provided for most figures. 
Abbreviations Used on Plate III 
B = base 
CR = circular ring 
DD = distal disc 
L = lacuna 
PD = proximal disc 
R = rib 
Sp = spine 
Up = upright 
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Plate IV. Mallomonas acaroides 
Figure 31. Scale with partial ribbing on shield. TEM. 10,000X. 
Figure 32. Two scales and tip of helmet bristle. SEM. 8,600X. 
Figure 33. Cell with overlapping scales and attached helmet bristles, 
SEM. 1,500X. 
Figure 34. High magnification image of Figure 33 showing surface 
morphology of some scales and overlapping scale arrange­
ment. SEM. 13,OOOX. 
Figure 35. Scale. TEM. 5,000X. 
Figure 36. Scale with protrusion from distal margin. Tyglard S^, 
Denmark. TEM. 5,000X. 
Figure 37. Partially eroded scale without rim. TEM of replica. 
5,000X. 

Plate V. Mallomonas pseudocoronata var. pseudocoronata 
Figure 38. Body scale with corona. TEM. 5,000X. 
Figure 39. Scale with conspicuous reticulum on the shield, TEM. 
5,000X. 
Figure 40. Posterior scale with spine. Douglas Lake, Michigan. 
TEM. 3,200X. 
Figure 41. Posterior scale showing spine attachment. TEM. 6,000X. 
Figure 42. Partially eroded scale showing struts on the flange. 
TEM of replica. 5,000X. 
Figure 43. Two posterior scales and one body scale. SEM. 3,000X. 
Figure 44. Body scales showing overlapping arrangement as it 
appears on a cell. SEM. 4,800X. 
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Plate VI. Mallomonas cratis 
Figures 45-45, 49-52. Mallomonas cratis var. cratis 
Figure 45. Scale characteristic of the species. TEM. lO.OOOX. 
Figure 46. Two scales. TEM. lO.OOOX. 
Figure 49. Inner side of scales and serrate bristles. SEM. 
6,000X. 
Figure 50. Part of a cell showing overlapping arrangement of 
the scales. SEM. 6,000X. 
Figure 51. Scale. SEM. 6,000X. 
Figure 52. Scale with attached serrate bristle. SEM. 3,OOOX. 
Figures 47-48. Mallomonas cratis var. asmundiae 
Figure 47. Scale with dome and flange morphology differing 
from the nominate variety. TEM. 7,300X. 
Figure 48. Scales showing inner (arrow) and outer side. 
Locust Creek, Missouri. SEM. 5,400X. 

Plate VII. Mallomonas striata 
Figures 53, 55-58. Mallomonas striata 
Figure 53. Partially intact cell showing scale arrangement. 
SEM. 4,000X. 
Figure 55. Scale characteristic of the species. Smith's Bog, 
Michigan. TEM. lO.OOOX. 
Figure 56. Scale with unusual shield and dome ornamentation. 
TEM. lO.OOOX. 
Figure 57. Scale with unusual shield ornamentation. Smith's 
Bog, Michigan, 
Figure 58. Scale with reduced wings. TEM. 10,000X. 
Figure 54. Mallomonas striata var. serrata. 
attached bristle. TEM. 5,400X. 
Scale with characteristic 
132 
Plate VIII 
Figures 59-62. Mallomonas striata. Variation in scale morphology. 
Note particularly the dome and shield regions. 
Figure 59. Scale. TEM. lO.OOOX. 
Figure 60. Scale. TEM. 10,000X. 
Figure 61. Scale. TEM. io,ooox. 
Figure 62. Scale. TEM. 10,000X. 
Figures 63-64. Mallomonas crassisquama var. crassisquama 
Figure 63. Scale with characteristic shield morphology. Lake 
Trummen, Sweden. TEM. 5,OOOX. 
Figure 64. Scale with attached bristle. Lake Vidostern, Sweden. 
TEM. 1,500X. 
Figure 65. Mallomonas annulata var. annulata. Nondomed scale. TEM. 
lO.OOOX. 
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Plate IX. Mallomonas tonsurata 
Figures 66-67, 70. Mallomonas tonsurata var. tonsurata 
Figure 66. Domed scale with conspicuous "window." TEM. lO.OOOX. 
Figure 67. High magnification image of Figure 66 showing the 
secondary layer underlaid by the primary layer. 
The primary layer can be seen within the holes of 
the secondary layer (arrows). TEM. 40,000X. 
Figure 70. Non-domed scale. Karls Denmark. TEM. 5,OOOX. 
Figures 68-69, 71-72. Mallomonas tonsurata var. alplna 
Figure 68. Scale with reduced dome. TEM. 10,000x. 
Figure 69. High magnification image of Figure 68 showing only 
one layer of ornamentation. Compare with Figures 66-
67. TEM. 40,000x. 
Figure 71. Non-domed scale. Tyglard Sj5, Denmark. TEM. 5,000X. 
Figure 72. Domed scale and bristle tip. Oberer ausgraben See, 
West Germany. TEM. 5,000X. 
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Plate X 
Figures 73-78. Bristle tips attached to scales having scale tnorphology 
similar to Mallomonas tonsurata var. tonsurata 
Figure 73. Serrate bristle with curved teeth. TEM. 5,OOOX. 
Figure 74. Serrate bristle with two furcate teeth at distal 
end. TEM. 7,000X. 
Figure 75. Serrate bristle. TEM. 8,200X. 
Figure 76. Serrate bristle with distal tooth on opposite side 
of other teeth. TEM. 8,000X. 
Figure 77. Furcate bristle with long tip. TEM. 11,800X. 
Figure 78. Serrate bristle with distal tooth furcate (arrow). 
TEM. 9,000X. 

Plate XI 
Figures 79-80, 83. Mallomonas pillula var. pillula 
Figure 79. Three non-domed scales. TEM. 15,000X. 
Figure 80. Domed scale. TEM. 15,000X. 
Figure 83. Domed scale. An additional scale of Synura echinulata 
is also present. TEM. 10,000x. 
Figures 81-82, Mallomonas papillosa var. papillosa 
Figure 81. Domed scale. TEM. 10,000X. 
Figure 82. Domed scale with spine. Smith's Bog, Michigan. 
TEM. 10,000x. 
Figure 84. Mallomonas calceolus var. calceolus. Domed scale with 
attached furcate bristle. The Netherlands, TEM, 6,OOOX, 
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Plate XII. Mallomonas insignis var. inslgnis 
Figure 85. 
Figure 86. 
Figure 87. 
Figure 88. 
Figure 89. 
Figure 90. 
Body scale. An additional scale of Mallomonas doignonii 
is also present. TEM. 5,000X. 
Body scale (right) and spined scale (left) . SEM. 3,600X. 
Cell showing overlapping arrangement of scales with 
distal end of scale exposed. Specimen critical point 
dried. SEM. 1,200X. 
Small scale with short spine and portions of two body 
scales. SEM. 5,400X. 
Many scales. The bristles were not shown to be present 
of M. insignis. SEM. 1,600X. 
Body scale with outer surface partially eroded away. 
Note the internal reticulate rib system. SEM. 5,400X. 

Plate XIII. Mallomonas doignonii var. doignonii 
Figure 91. Cell with anterior collar and posterior spines. TEM. 
3,200X. 
Figure 92. Cell with anterior collar with attached bristles and 
posterior scales with spines. TEM. 3,000X. 
Figure 93. Three posterior scales with spines. TEM. 5,000X. 
Figure 94. Several anterior collar scales and body scales. TEM. 
5,000X. 
Figure 95. Three body scales. TEM. 10,000X. 
Figure 96. Anterior collar scale (upper) and body scale (lower) 
SEM. 10,000X. 
Figure 97. Anterior collar scale. TEM. 10,000X. 
Figure 98. Posterior scale with a short spine. TEM. 10,000X. 
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Plate XIV 
Figures 99, 100, 102, 104, 105. Mallomonas mangofera var. mangofera 
Figure 99. Cell with flagellum, anterior collar scales, one 
with a bristle; posterior scales with a short 
spine. TEM. 3,100X. 
Figure 100. Three body scales. TEM. 10,000X. 
Figure 102. Two body scales, two anterior collar scales and 
two bristles. Scales of Synura petersenil and 
Paraphysomonas vestita also present. TEM. 5,000X. 
Figure 104. Several posterior scales with short spines. SEM. 
12,000X. 
Figure 105. Several posterior scales with short spines. Also 
note the smooth inner side of an anterior collar 
scale (arrow). SEM. 4,800X. 
Figures 101, 102. Mallomonas annulata var. annulata 
Figure 101. Domed scale with conspicuous papillae. TEM. 10,000X. 
Figure 103. Body scales showing overlapping arrangement. 
TEM. 5,OOOX. 
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Plate XV 
Figures 106-109. Mallomonas pumilo var. pumilo 
Figure 106. Body scale with distal ribbed wing. TEM. 10,000X. 
Figure 107. Posterior scale with distal wing. TEM. 10,000X. 
Figure 108. Anterior collar scale with dome and partially 
ribbed wing. TEM. 10,000X. 
Figure 109. Anterior collar scale with dome and wing. Note 
some meshes of the reticulum are occluded. TEM. 
10,000X. 
Figure 110. Mallomonas lychenensis. Body scale. Heart Lake, 
Adirondak Mountains, USA. SEM. 7,200X. 
Figure 111. Mallomonas torquata. Body scale. Lake Trummen, Sweden. 
TEM. 4,«)00X. 
Figure 112. Mallomonas eoa. Body scale. The bristle tips do not 
belong to this species. Lake Trummen, Sweden. TEM. 
5,000X. 
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Plate XVI. Mallomonas akrokomos var. akrokomos 
Figure 113. Cell with disarticulated scales and bristles. Scales 
of Synura petersenii and Mallomonas teilingii also 
present. TEM. 3,000X. 
Figure 114. Cell with most scales intact on cell demonstrating the 
typical conical shape. Scales of Synura petersenii 
and echinulata also present. TEM. 1,500X. 
Figure 115. Two body scales and domed anterior scale. TEM. 5,OOOX. 
Figure 116. Anterior domed scale. TEM. 10,000X. 
Figure 117. Body scale with serrate distal end. TEM. 10,000X. 
Figure 118. Posterior scale. Note that the ornamentation is less 
developed. TEM. 10,000x. 
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Plate XVII. Mallomonas mutiunica var. multiunica 
Figures 119-123. Scales showing variation in scale outline and dome 
morphology. 
Figure 119. Scale. TEM. 10 ,000X. 
Figure 120. Scale. TEM. 10 ,000X. 
Figure 121. Scale. TEM. 10 ,000X. 
Figure 122. Scale. TEM. 10 ,000X. 
Figure 123. Scale. TEM. 10 ,000X. 
Figure 124. Inner side of a large scale showing dome ribs overlapping 
onto the inner side and rim in two parts. Another scale 
is also present. TEM. 10,000X. 
Figure 125. Helmet bristle with extended tip. TEM. 5,OOOX. 
Figure 126. Two scales of the large type, one with a dome, the other 
without a dome (arrow). TEM. 5,000X. 
Figure 127. Two scales of the large type. TEM. 5,000X. 
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Plate XVIII. Mallomonas heterosplna var. heterospina 
Figures 128-130. Scales showing variation in dome morphology, 
reticulate ornamentation and scale outline. 
Figure 128. Scale. TEM. 10,000x. 
Figure 129. Several scales. TEM. 10,000X. 
Figure 130. Scale TEM. lO.OOOX. 
Figure 131. Scale with needle bristle. Hjortekaer, Denmark. TEM 
of shadowcast specimen. 3,900X. 
Figure 132. Scale showing bristle attachment. Lake Fiolen, Sweden. 
TEM of shadowcast specimen. 4,900X. 
Figure 133. Scale showing ornamentation characteristic of species. 
SEM. 10,000x. 
Figure 134. Scale showing base plate holes. SEM. 15,000X. 
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Plate XIX. Mallomonas caudata var. caudata 
Figure 135. Scale with rim showing variation of holes in base plate 
morphology. TEM. 5,000X. 
Figure 136. Cell forming a cyst with scales and bristles still 
intact. SEM. 540X. 
Figure 137. Several scales showing variation in scale outline. TEM. 
2,400X. 
Figure 138. High magnification image showing pitted base plate, 
SEM. 16,OOOX. 
Figure 139. Part of cell showing overlapping arrangement of scales 
and associated bristles. SEM. 2,200X. 
Figure 140. High magnification image of proximal end of bristles. 
SEM. 3,600X. 

Plate XX 
Figures 141-14A, 146. Mallomonas teilingii var. teilingii 
Figure 141. Cell with scales intact. SEM of critically point 
dried specimen. 1,800X. 
Figure 142. Scale with aberrant outline or possibly a bristle 
bearing scale. TEM. 5,000X. 
Figure 143. High magnification image of Figure 141 showing 
details of scale morphology and overlapping arrange­
ment of scales. SEM. 7,200X. 
Figure 144. Bristle with blunt tip attached to a scale. TEM. 
3,100X. 
Figure 146. Four scales with reticulate ornamentation and base 
plate holes. TEM. 5,000X. 
Figure 145. Mallomonas punctifera. Heart Lake, Adirondak Mountains, 
USA. "Scale. SEM. 10,000x. 
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Plate XXI. Mallomonopsls species 
Figures 147-149. Scales of M. sallna var. sallna showing ornamentation 
characteristic of the species and variation in scale 
outline. 
Figure 147. Scale. TEM. 10,000X. 
Figure 148. Scale. TEM. 10,000x. 
Figure 149. Scale. TEM. 10,000X. 
Figures 150-152. Scales of M. oviformis var. oviformis showing 
ornamentation characteristic of the species. Note 
that the scale outline is aberrant in Figure 151. 
Figure 150. Scale. TEM. 10,000X 
Figure 151. Scale. TEM. 5,000X. 
Figure 152. Scale. TEM. 5,OOOX. 
Figure 153. Two scales of M. Sortedam, Denmark. TEM of shadow-
cast specimen. 4,800X. 

Plate XXII. Synura uvella var. uvella 
Figure 154. Spined scale. Note the three teeth on the spine tip. 
TEM. 10,000x. 
Figure 155. Body scale. Note the distal, unornamented region. TEM. 
10,000X. 
Figure 156. Two body scales. TEM. 5,000X. 
Figure 157. Body scale. TEM. 5,000X. 
Figure 158. Two spined scale. Lower one (arrow) without a secondary 
covering on the distal reticulum. Upper one with secondary 
layer covering the distal reticulum. TEM. 6,000X. 
Figure 159. Partially eroded, spined scale. Note ribs on the interior 
of the rim. SEM. 12,OOOX. 
Figure 160. Body scales. SEM. 6,000X. 

Plate XXIII. Synura petersenii var. petersenii 
Figure 161. Several scales showing overlapping arrangement as it 
appears on a cell. TEM. 5,000X. 
Figure 162. Scale with connecting ribs between the struts. TEM. 
lO.OOOX. 
Figure 163. Cell with partially disarticulated scales. Note narrow 
posterior and broader anterior scales. TEM. 2,000X. 
Figure 164. Scale with a large rim. TEM. 10,000x. 
Figure 165. Anterior scale (arrow) and posterior scale. TEM. 5,OOOX. 
Figure 166. Anterior (arrow) and posterior scale. SEM. 4,800X. 
Figure 167. Inner and outer side of scales. Note the hole which 
leads to the spine. SEM. 6,OOOX. 
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Plate XXIV. Synura molllspina var. molllsplna 
Figure 168. Two long spined anterior scales. TEM. 5,000X. 
Figure 169. Unusual posterior scale (arrow) and two body scales. 
TEM. 5,000X. 
Figure 170. Triangular shaped posterior scale (arrow) and long 
spined anterior scale. TEM, 5,OOOX. 
Figure 171. Unusual spined scale. TEM. 10,000x. 
Figure 172. Long spined posterior scale. TEM of replica. 5,000X. 
Figure 173. Various scale types. Note the partial secondary covering 
of the reticulum. SEM. 4,800X. 
I 
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Plate XXV. Synura curtisplna var. curtlsplna 
Figure 174. Long spined anterior scale. TEM. 10,000X. 
Figure 175. Spined anterior scale. TEM. lO.OOOX. 
Figure 176. Spined body scale. TEM. 10,000X. 
Figure 177. Spined body scale. TEM. 10,000X. 
Figure 178. Short spined posterior scale. TEM. 10,000X. 
Figure 179. Posterior scales with the ornamentation typical of the 
species. TEM. 10,000X. 
Figure 180. Unornamented posterior scales. TEM. 10,000X. 
168 
Plate XXVI. Synura echinulata var. echinulata 
Figure 181. Cell showing intergradation from the small, poorly 
ornamented posterior scales to the long spined anterior 
scales. SEM. 4,800X. 
Figure 182. Posterior scale with distal, vermiform ribs. TEM. 
10,000X. 
Figure 183. Scale showing distal thickening. Note that the 
vermiform ribs cannot be observed with SEM. SEM. 
6,000X. 
Figure 18A. Spined anterior scale with distal vermiform ribs. TEM. 
10,000X. 
Figure 185. Posterior scale. SEM. 12,000X. 
Figure 186. Various scale types. SEM. A,800X. 
Figure 187. Inner side of spined scale. SEM. 12,OOOX. 
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Plate XVII. Scales of various Synura species 
Figure 188. petersenii. Aberrant scale with distorted spine. 
TEM. 10,000x. 
Figure 189. echinulata var. echinulata. Spined scale with obscure 
vermiform ribs. TEM. 10,000x. 
Figure 190. Synura petersenii var. petersenii. Note the aberrant 
spine (arrow). SEM. 6,000X. 
Figure 191. petersenii var. glabra. Five scales. BjJllemosen, 
Denmark. TEM. 5,OOOX. 
Figure 192. S^. petersenii var. glabra. Three scales. Note the scale 
on the left has no struts. TEM. 5,OOOX. 
Figure 193. petersenii var. glabra. Note the aberrant spine and 
struts. B^llemosen, Denmark. TEM. 5,OOOX. 
Figure 194. petersenii var. glabra. Aberrant scale without struts 
on the left. Bjillemosen, Denmark. TEM. 5,OOOX. 
Figure 195. echinulata var. echinulata. Posterior scale. The 
Netherlands. TEM. 6,OOOX. 
Figure 196. S^. mollispina var. mollispina. Anterior scale. SEM. 
5,400X. 
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Plate XXVIII. Various Paraphysomonas species 
Figures 197, 199, 200. P. vestita var. vestita 
Figure 197. Several scales with central spine with thickened 
edge and the characteristic tapered tip. TEM. 
5,000X. 
Figure 199. Cell with most scales intact. TEM. 2,000X. 
Figure 200. Many scales. SEM. 5,400X. 
Figure 198. imperforata var. imperforata. Several scales. Note 
that the thickened margin is absent and nipple-like 
spine tip is present. TEM. 10,000X. 
Figures 201, 202. bandiensis var. bandiensis 
Figure 201. Several scales partially attached to a cell. Note 
the characteristic blunt spine tip. TEM. 21,900X. 
Figure 202. Cell with a flagellum. The short second flagellum 
is missing, probably due to poor fixation. TEM. 
5,000X. 
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Plate XXIX. Various Paraphysomonas species 
Figures 203, 205. vestita var. vestita 
Figure 203. Scale typical of the species. Sortedam, Denmark. 
TEM. 5,000X. 
Figure 205. Two scales showing size range. Karls S^, Denmark. 
5,OOOX. 
Figure 204. P. imperforata var. imperforata. Scale. Note the 
nipple-like tip. Sortedam, Denmark. 3,700X. 
Figures 206-208. foraminifera 
Figure 206. Short spined scale (upper) and long spined scale 
(lower). B^geholm, Denmark. TEM. 3,200X. 
Figure 207. Scales of ]P. foraminifera (upper left) and another 
species (lower right). Badstuedam, Denmark. TEM. 
5,OOOX. 
Figure 208. Spined and nonspined scales. "Scout pond" in the 
Arboretum, near Copenhagen, Denmark. TEM. 2,700X. 

Plate XXX. Various Spiniferomonas species 
Figures 209-211, 213. trloralis var. trioralis 
Figure 209. Cell with flagellum, scales partially disarticulated, 
Fiolen, Sweden. TEM. 2,000X. 
Figure 210. Spined scales and elliptical scales. TEM. 5,000X. 
Figure 211. Spined scale. TEM. 10,000X. 
Figure 213. Spined scale. SEM. 6,000X. 
Figure 212. bourrellii. Spined and elliptical 
scales. Bonedam, Denmark. TEM. 2,A00X. 
Figure 214. Spiniferomonas sp., possibly bourrellii. Long spined 
and short spined scales. Fiolen, Sweden. TEM. 3,600X. 
Figure 215. S. bilacunosa. Elliptical scales, 
Fiolen, Sweden. TEM. 4,900X. 
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Plate XXXI. Chrysosphaerella brevisplna var. brevlspina 
Figure 216. Spined scales. Locust Creek, Missouri. SEM. 3,200X. 
Figure 217. Scale base showing double disc arrangement and connecting 
post of base. Lake Isa, Yellowstone Park, Wyoming. SEM. 
12,000X. 
Figure 218. Scale base showing double disc arrangement and connecting 
post of base. Hjortekaer, Denmark. SEM. 4,900X. 
Figures 219-222. Elliptical scales with morphology typical of the 
species. 
Figure 219. Scale. TEM. 5,OOOX. 
Figure 220. Scale. TEM. lO.OOOX. 
Figure 221. Scales. TEM. 5,000X. 
Figure 222. Scale. TEM. io,ooox. 

Plate XXXII 
Figure 223. High magnification image of spine bearing scale base of 
Chrysosphaerella brevispina var. brevispina. Locust 
Creek, Missouri. SEM. 10,000x. 
Figure 224. Scale with short spine of Chrysosphaerella longispina var. 
longispina. Note the long tapering post which differs 
from C. brevispina var. brevispina. Lake Isa, Yellowstone 
Park, Wyoming. SEM. 12,000X. 
Figure 225. Spine bearing scale of Chrysosphaerella coronacircumspina 
var. coronacircumspina. Note the double disc scale 
base typical of the species. TEM. 4,500X. 
Figures 226-228. Spiniferomonas sp. 
Figure 226. Elliptical scales and spined scale. TEM. 3,200X. 
Figure 227. Three elliptical scales. TEM. 7,300X. 
Figure 228. Three elliptical scales. TEM. 10,000x. 
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Plate XXXIII. Cells of Mallomonas species in the living condition 
Figures 229^231. M. akrokomos 
Figure 229. Large cell. PCM of Nissenbaum preparation. 860X. 
Figure 230. Cell with bristles held together. PCM of Nissenbaum 
preparation. 860X. 
Figure 231. Cell with conspicuous caudal region. PCM of 
Nissenbaum preparation. 860X. 
Figures 232-234. M. doignonii cells showing anterior collar with 
bristles and posterior spines. 
Figure 232. Cell. PCM of wet mount. 860X. 
Figure 233. Cell. PCM of Nissenbaum preparation. 860X. 
Figure 234. Cell. PCM of Nissenbaum preparation. 860X. 
Figures 235, 238. M. pseudocoronata 
Figure 235. Cell with cell outline in focus. PCM of wet mount. 
860X. 
Figure 238. Cell with spines and bristles in focus. PCM of 
wet mount. 860X. 
Figures 236, 237. M. teilingii 
Figure 236. Cell with anterior and posterior bristles. PCM 
of wet mount. 860X. 
Figure 237. Cell with anterior and posterior bristles. PCM 
of Nissenbaum preparation. 860X. 
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Plate XXXIV. Cells of various Synuraceae in the living condition 
Figure 239. Colony of Synura sp. PCM of wet mount preparation. 860X. 
Figure 240. Specimen of unicellular organism with a flagellum visible, 
possibly Paraphysomonas sp. PCM of wet mount preparation. 
860X. 
Figure 241. Cell of Mallomonas heterospina with both helmet and 
needle bristles visible. PCM of Nissenbaum preparation. 
860X. 
Figure 242. Colony of Chrysosphaerella brevispina with double disc 
scale base visible (arrow). PCM of wet mount preparation. 
860X. 
Figures 243-244. Cell of Mallomonas insignis with extended caudal 
region. 
Figure 243. Cell with cell body in focus. PCM of Nissenbaum 
preparation. 860X. 
Figure 244. Cell with caudal region in focus. PCM of Nissenbaum 
preparation. 860X. 
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Plate XXXV. Mallomonas pseudocoronata var. pseudocoronata^ 
Figure 245. Cell with partially disarticulated scales. 2,000X. 
Figure 246. Two scales, one with a short spine. 2,OOOX. 
Figures 247-248. Posterior spined scales. 
Figure 247. Spined scale. 2,000X. 
Figure 248. Spined scale. 2,000X. 
Figures 249-250. Scales showing variation in morphology. 
Figure 249. Three scales. 2,000X. 
Figure 250. Four scales. 2,000X. 
^All figures are PCM of burned mounts with Hyrax. 

Plate XXXVI. Mallomonas acaroides var. acaroldes 
Figure 251. Scales with dome, V-rib, rim and flange visible. PCM 
of burned mount in air. 2,000X. 
Figure 252. Scales with attached helmet bristles. Note that struts 
are visible. PCM of burned mount with Hyrax. 2,000X. 
Figure 253. Scales with attached helmet bristles. PCM of burned 
mount with Hyrax. 2,000X. 
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Plate XXXVII. Scales of various Mallomonas species 
Figures 254-257. M. striata. 
Figure 254. Five scales. PCM of burned mount in air. 2,000X. 
Figure 255. Several scales. PCM of burned mount in air. 
2,000X. 
Figure 256. Two scales with struts visible. PCM of burned 
mount with Hyrax. 2,000X. 
Figure 257. Scale. PCM of burned mount in air. 2,OOOX. 
Figure 258. Scales of M. papillosa. PCM of burned mounts in Hyrax. 
2,000X. 
Figures 259, 261. Scales of M. cratis. PCM of burned mount in air. 
2,000X. 
Figure 260. Scales of M. cratis. PCM of burned mount with Hyrax. 
2,000X. 
Figures 262-264. Scales of M. insignis. Note many scales have the 
reticulate collar region and the hole on the proximal 
face of the V-rib. 
Figure 262. Body scale. PCM of burned mount with Hyrax. 2,000X. 
Figure 263. Several scales. PCM of burned mount with Hyrax. 
2,000X. 
Figure 264. Three body scales and a spined scale. PCM of 
burned mount in Hyrax. 2,000X. 
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Plate XXXVIII. Scales of several Mallomonas 
and Ma Homo nop sis species 
Figures 265-267, 270. Mallomonas heterospina 
Figure 265. Scale. PCM of burned mount in air. 2,000X. 
Figure 266. Scale. PCM of burned mount with Hyrax. 2,OOOX. 
Figure 267. Scale. PCM of burned mount in air. 2,000X. 
Figure 270. Scale. PCM of burned mount in air. 2,000X. 
Figures 268-269. Mallomonas akrokomos 
Figure 268. Scale. PCM of burned mount in air. 2,000X. 
Figure 269. Three scales. PCM of burned mount in air. 2,000X. 
Figures 271-273. Mallomonas multiunca 
Figure 271. Two scales with reticulum meshes visible. PCM of 
burned mount in air. 2,000X. 
Figure 272. Large scale type (arrow). PCM of burned mount in 
air. 2,OOOX. 
Figure 273. Large scale type (arrow). PCM of burned mount in 
air. 2,000X. 
Figures 274-276. Scales of Mallomonopsis sp., possibly M> salina. 
Figure 274. Scale. PCM of burned mount in air. 2,000X. 
Figure 275. Scale. PCM of burned mount in air. 2,000X. 
Figure 276. Four scales. PCM of burned mount with Hyrax. 2,000X. 

Plate XXXIX. Two species of the caudata group 
of Mallomonas (Planae) 
Figures 277-278. Mallomonas caudata 
Figure 277. Several scales. PCM of burned mount with Hyrax. 
2,OOOX. 
Figure 278. Five bristles. PCM of burned mount with Hyrax. 
2,OOOX. 
Figure 279. Scales and bristles of Mallomonas teilingii. PCM of 
burned mount with Hyrax. 2,OOOX. 
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Plate XXXX 
Figure 280. Mallomonas mangofera. Cell with partially disarticulated 
scales. Note anterior collar scales, body scales, and 
posterior scales are visible. PCM of burned mount with 
Hyrax. 2,OOOX. 
Figures 281-282. Mallomonas pumilo 
Figure 281. Body scale with wing (arrow). PCM of burned mount 
in air. 2,OOOX. 
Figure 282. Body scale (upper) and an anterior collar scale 
(lower), both with a wing (arrows). PCM of burned 
mount in air. 2,000X. 
Figure 283. Anterior collar scales typical of several species of 
Mallomonas in the Torquatae. PCM of burned mount with 
Hyrax. 2,000X. 
Figure 284. Rhombic body scales of Mallomonas species in the Torquatae, 
PCM of burned mount in air. 2,000X. 
Figure 285. Mallomonas doignonll. Posterior scale with a long spine 
(arrow). Two body scales of a member of the Torquatae, 
possibly M. doignonii, also present. PCM of burned mount 
in air. 2,000X. 
Figure 286. Three anterior collar scales typical of several Mallomonas 
species in the Torquatae. PCM of burned mount in air. 
2,000X. 
Figure 287. Chrysosphaerella brevispina. Elliptical scales (arrow) 
and two spined scales with a double disc base. PCM of 
burned mount with Hyrax. 2,OOOX. 
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Plate XXXXI. Various Synura species 
Figures 288-290. petersenii 
Figure 288. Scale with struts visible. A scale of Paraphysomonas 
sp. (arrow) also present. PCM of burned mount in 
air. 2,OOOX. 
Figure 289. Several scales with struts visible. PCM of burned 
mount in air. 2,OOOX. 
Figure 290. Three scales (arrow). PCM of burned mount in air. 
2,000X. 
Figures 291-293. uvella 
Figure 291. Two spined scales. PCM of burned mount with Hyrax. 
2,OOOX. 
Figure 292. Body scale (arrow) and spined scales. PCM of burned 
mount with Hyrax. 2,000X. 
Figure 293. Body scale (arrow). PCM of burned mount in air. 
2,OOOX. 
Figures 294-295. mollispina 
Figure 294. Various scale types. PCM of burned mount with Hyrax. 
2,000X. 
Figure 295. Three triangular, posterior scales. PCM of burned 
mount with Hyrax. 2,000X. 

Plate XXXXII. Various Synura species 
Figures 296, 299. echinulata 
Figure 296. Two groups of posterior scales. PCM of burned 
mount in air. 2,000X. 
Figure 299. Posterior scales. PCM of burned mount with Hyrax. 
2,000X. 
Figures 297-298. Synura sp., probably echinulata or curtispina 
Figure 297. Six spined anterior scales. PCM of burned mount 
with Hyrax. 2,000X. 
Figure 298. Several spined scales. PCM of burned mount with 
Hyrax. 
Figure 300. Several Synura species. petersenii (upper left), 
mollispina (arrow), and possibly curtispina or 
echinulata. PCM of burned mount in air. 2,OOOX. 
Figure 301. Unknown scales, possibly aberrant forms of petersenii, 
PCM of burned mount in air. 2,000X. 
299 
203 
LITERATURE CITED 
Allen, M. B. 1969. Structure, physiology and biochemistry of the 
Chrysophyceae. Annual Review of Microbiology 23:29-46. 
Andersen, R. A. 1978. Scaled Chrysophyceae from Arkansas. II. The 
genera Mallomonas, Paraphysomonas, and Spiniferomonas. Arkansas 
Acad. Sci. Proc. 32:12-17. 
Andersen, R. A., and R. L. Meyer. 1977. Scaled Chrysophyceae from 
Arkansas. Arkansas Acad. Sci. Proc. 31:12-16. 
Asmund, B. 1955. Electron microscope observations on Mallomonas 
caudata and some remarks on its occurrence in four Danish ponds. 
Bot. Tidsskr. 52:163-168. 
Asmund, B. 1956. Electron microscope observations on Mallomonas 
species and remarks on their occurrence in some Danish ponds. 
II. Bot. Tidsskr. 52:75-85. 
Asmund, B. 1959. Electron microscope observations on Mallomonas 
species and remarks on their occurrence in some Danish ponds 
and lakes. III. Dansk. Bot. Ark. 18:1-50. 
Asmund, B. 1968. Studies on Chrysophyceae from ponds and lakes in 
Alaska. VI. Synura species. Hydrobiologia 31:497-515. 
Asmund, B. 1973. Survey of the genus Chrysosphaerella (Chrysophyceae) 
as studied in the electron microscope with descriptions of new 
species. Bot. Tidsskr. 68:132-139. 
Asmund, B. 1977. Two new species of Mallomonas (Chrysophyceae) 
in Swedish lakes. Bot. Tidsskr. 71:253-258. 
Asmund, B., and G. Cronberg. 1979. Two new taxa of Mallomonas 
(Chrysophyceae). Bot. Notiser 132:409-418. 
Asmund, B., and D. Hilliard. 1961. Studies on Chrysophyceae from 
some ponds and lakes in Alaska. I. Mallomonas species examined 
with the electron microscope. Hydrobiologia 17:237-258. 
Asmund, B., and D. Hilliard. 1965. Studies on Chrysophyceae from 
some ponds and lakes in Alaska. IV. Occurrence of a Mallomonopsis 
species in brackish water. Hydrobiologia 26:521-526. 
Asmund, B., and L. S. Peterfi. 1972. Mallomonas portae-ferreae 
nova species in the light and electron microscopes. Studia 
Universitatis Babes-Bolyai. Series Biologia, Fasciculus 1:11-18. 
204 
Asmund, B., and E. Takahashi. 1969. Studies on Chrysophyceae from 
some ponds and lakes in Alaska. VIII. Mallomonas species 
examined with the electron microscope. II. Hydrobiologia 34; 
305-321. 
Balonov, I. M. 1972. 0 bestsvetnoj khrizomonadovoj vodorosli 
Paraphysomonas vestita (Stokes) Saedeleer. Mikrobiologiya 41: 
563-565. 
Balonov, I. M. 1976a. Vidy sem. Synuraceae Lemm. (Chrysophta) 
Volgi i ee bassejna. Biologiyz Vnutrennikh Vod, Informatsionnyj 
Byulleten' No. 29, 15-20. Akademiya Nauk SSSR, Institut 
Biologii Vnutrennikh Vod. Izdatel'stvo "Nauka," Leningrad. 
Balonov, I. M. 1976b. Rod Synura Ehr (Chrysophyta) Biologiya, 
Ekologiya, Sistematika. pp. 61-82. Biologiya, Morfologiya i 
Sistematika Vodnikh Organizmov. Akademiya Nauk SSSR, Institut 
Biologii. Vntrennikh Vod, Izdatel'stvo "Nauka," Leningrad. 
Balonov, I. M. 1977. Vidy roda Spiniferomonas Takahashi (Chrysophyta) 
V Rybinskom Vodokhranilishche. Biologiya Vnutrennikh Vod, 
Informatsionnyj Byulleten' No. 34:10-16. Izdatel'stvo "Nauka," 
Leningrad. 
Balonov, I. M. 1978a. Vidy roda Mallomonas Perty (Chrysophyta) v 
vodoemakh bassejnz Volga, pp. 76-102. Biologiya i Sistematika 
Nizhshikh Organizmov. Akademiya Nauk SSSR, Institut Biologii 
Vnutrennikh Vod, Leningrad. 
Balonov, I. M. 1978b. Elektronnomikroskopicheskoe izuchenie vidov 
roda Spiniferomonas Takahashi (Chrysophyta). Botanicheskij 
Zhurnal 63:1639-1647. 
Balonov, I. M., and G. V. Kuzmin. 1974. Vidy roda Synura Ehr. 
(Chrysophyta) v vodoklranilischchakh Volzhskogo Kaskada. 
Botanicheskij Zhurnal 59:1675-1686. 
Balonov, I. M., and G. V. Kuzmin. 1975a. Elekronno-mikrosk-
opicheskoe izuchenie vidov roda Mallomonas Perty (Chrysophyta) 
iz vodokhranilishch Volzhskogo Kaskada. II. Series Planae 
Harris and Bradley. Botanicheskij Zhurnal 60:1289-1296. 
Balonov, I. M., and G. V. Kuzmin. 1975b. Elektronno-mikroskopicheskoe 
izuchenie vidov roda Mallomonas Perty (Chrysophyta) iz vodokhran­
ilishch volzhskogo Kaskada. I. Series Tripartae Harris et 
Bradley. Botanicheskij Zhurnal 60:1142-1146. 
Belcher, J. H. 1969. Some remarks upon Mallomonas papillosa Harris 
and Bradley and M. calceolus Bradley. Nova Hedwigia 18:257-270. 
205 
Berlyn, G. P., and J. P. Miksche. 1976. Botanical micro-technique 
and cytochemistry. Iowa State University Press, Ames, Iowa. 326 pp. 
Bessey, C. E. 1882. A note on the abundance of algae about Ames. 
American Naturalist 16:43. 
Birch-Anderson, P. 1973. Chrysosphaerella salina, a new species of 
the Chrysophyceae from salt marsh pools. Bot. Tidsskr, 68:140-144. 
Bold, H. C., and M. J. Wynne. 1978. Introduction to the algae. 
Prentice-Hall, Inc., Englewood Cliffs, New Jersey. 706 pp. 
Bourrelly, P. 1957. Recherches sur les Chrysophycees. J. Cramer, 
Verlag; Stechert-Hafner Service Agency, Inc., New York. 412 pp. 
Bourrelly, P. 1968. Les algues d'eau douce. Tome II: Les algues 
jaunes et brunes Chrysophycees, Phlophyc^es, Xanthophyc^es et 
Diatom^es. Editions N. Boub^e et C^®, Paris. 438 pp. 
Bradley, D. E. 1957. A technique for the examination of a single 
specimen in both light and electron microscopes using carbon 
films. Mikroskopie 12:257-263. 
Bradley, D. E. 1964. A study of Mallomonas, Synura, and Chrysos­
phaerella of northern Iceland. J. Gen. Microbiol. 37:321-333. 
Bradley, D. E. 1965. Observations on the flagella of two Chrysophyceae 
using negative staining. J. Micros. Sci. 106:327-331. 
Bradley, D. E. 1966a. The ultrastructure of the flagella of three 
chrysomonads with particular reference to the mastigonemes. 
Exp. Cell Res. 41:162-173. 
Bradley, D. E. 1966b. Observations on some Chrysomonads from 
Scotland, J. Protozool. 13:143-154. 
Buchanan, R. E. 1907. Notes on the algae of Iowa. Proc. la. Acad. 
Sci. 14:1-40. 
Christensen, T. 1980. Algae, a taxonomic survey. Fascicle 1. 
AiO Tryk as, Odense, Denmark. 216 pp. 
Collins, R. P., and K. Kalnins. 1965a. Volatile constituents 
of Synura petersenii. I. The carbonyl fraction. Llyodia 28: 
48-52. 
Collins, R. P., and K. Kalnins. 1965b. Volatile constituents 
produced by the alga Synura petersenii. II. Alcohols, esters, 
and acids. Int. J. Air Wat. Poll. 9:501-504. 
206 
Collins, R. P., and K. Kalnins. 1967. The fatty acids of Synura 
petersenii. Llyodia 30:437-440. 
Collins, R. P., and K. Kalnins. 1969. Sterols produced by Synura 
petersenii (Chrysophyta). Comp. Biochem. Physiol. 30:779-782. 
Collins, R, P., and K. Kalnins. 1972. An analysis of the free amino 
acids in Synura petersenii. Phyton 29:89-94. 
Compefe, P. 1974. Ma11omonas bronchartiana, Chrysophycfee nouvelle 
du lac Tchad. Bull. Jard. Bot. Nat. Belg. 44:61-63. 
Conrad, W. 1927. Essai d'une monographie des genres Mallomonas 
Perty (1852) et Pseudomallomonas Chodat (1920). Arch. 
Protistenkd. 59: 423-505. 
Conrad, W. 1933. Revision du genre Mallomonas Perty (1851) incl. 
Pseudo-Mailomonas Chodat (1920). Mem. Mus. Hist. Nat. Belg. 
56:1-82. 
Conrad, W. 1938. Notes protistologiques, I. Mallomonas lychensis. 
Bull. Mus. Roy. Hist. Nat. Belgique 14:1-4. 
Cronberg, G. 1972. Investigation of scale-bearing Chrysophyceae 
species by scanning electron microscopy. Rev. Algol. 10:319-320. 
Cronberg, G. 1973. Development of cysts in Mallomonas eoa examined 
by scanning electron microscopy. Hydrobiologia 43:29-38. 
Cronberg, G. 1975. Mallomonas trummensis Nov. Spec. (Chrysophyceae) 
studied by means of scanning and transmission electron microscopy. 
Bot. Notiser 128:69-72. 
Cronberg, G. 1980a. Phytoplankton changes in Lake Trummen induced 
by restoration. Appendix III. Institute of Limnology, Lund, 
Sweden. 177 figures. 
Cronberg, G. 1980b. Cyst development in different species of 
Mallomonas (Chrysophyceae) studied by scanning electron microscopy. 
Algological Studies 25:421-434. 
Cronberg, G., and J. Kristiansen. 1980. Synuraceae and other 
Chrysophyceae from central SmSland, Sweden. Bot. Notiser 133: 
595-618. 
Crumpton, W. G., and R. G. Wetzel, 1980. Novolacs: synthetic resins 
suitable for mounting biological materials. Trans. Am. Microsc. 
Soc. 99:347-348. 
207 
de Saedeleer, H. 1929. Notules systematiques, VI. Physomonas. 
Annales de Prostistologle 2:177-178. 
DeLisle, D. G., D. H. Takahashi, and S. W. Weeber. 1965. Preliminary 
survey of the algae of Lake Ahquabi. Proc. la. Acad. Sci. 72: 
62-65. 
Dodge, J. D. 1973. The fine structure of algal cells. Academic 
Press, New York. 261 pp. 
Droop, M. R. 1955. Some new supra-littoral protista. J. Mar. 
Biol. Ass. U. K, 34:233-245. 
Droop, M. R. 1974. Heterotrophy of carbon. Pp. 530-559 in Algal 
physiology and biochemistry. W. D. P. Stewart, ed. Univ. of 
California Press, Berkeley. 989 pp. 
Durrschmidt, M. 1980. Studies on the Chrysophyceae from Rio Cruces, 
Prov. Valdivia, South Chile by scanning and transmission microscopy. 
Nova Hedwigia 33:353-388. 
Edmonson, C. H. 1906. The protozoa of Iowa. Proc. Davenport Acad. 
Sci. 11:1-121. 
Ehrenberg, C. G. 1838. Die Infusionsthierchen als Vollkommene 
Organismen. Leopold Voss, Verlag, Liepzig. 
Farmer, J. N. 1980. The protozoa. C. V. Mosby Co., St. Louis. 
732 pp. 
Fiatte, M. C. 1965. Observations sur la division cellulaire chez 
Paraphysomonas vestita (Stokes) de Saedeleer, chrysomonadine 
decolor^e. Archives de Zoologie Experimentale et Generale 
105:215-221. 
Fink, B. 1905. Notes on Iowa algae. Proc. la. Acad. Sci. 12:21-27. 
Fott, B. 1955. Scales of Mallomonas observed in the electron 
microscope. Preslia 27:280-282. 
Fott, B. 1957. Taxonomie drobnohledne flory nasich vod. Preslia 
29:278-319. 
Fott, B. 1959. Zur frage der sexualitat bei den chrysomaden. 
Nova Hedwigia 1:115-130. 
Fott, B. 1962. Taxonomy of Mallomonas based on electron micrographs 
of scales. Preslia 34:69-84. 
208 
Fott, B. 1966. Elektronenmikroskopischer Nachweis von Mallomonas -
Schuppen in Seeablagerungen. Internationale Revue der Gesampten 
Hydrobiologie 51:787-790. 
Fott, B. 1971. Algenkunde. Gustav Fischer, Stuttgart. 581 pp. 
Fott, B., and J. Ludvik. 1956. Elektronenoptische Untersuchung der 
Kieselstrukturen bei Chrysosphaerella. Preslia 28:276-278. 
Fott, B., and J. Ludvik. 1957. Die submikroskopische Structure der 
Kieselschuppen bei Synura und ihre Bedeutung fur die Taxonomie 
der Gattung. Preslia 29:5-16. 
Fuchs, B., and J. R. Jarosch. 1974. Rotating fibrils in the flagellum 
of Synura sphagnicola. Protoplasma 79:215-223. 
Gantt ed., E. 1980. Handbook of phycological methods, developmental 
and cytological methods. Cambridge Univ. Press, New York. 
425 pp. 
Gerrath, J. F. 1974. Two rare flagellates new to North America. 
Br. Phycol. J. 9:219. 
Glenk, H. 0. 1956. Mallomonas schwemmlei, eine neue Chrysomorade 
aus dem Plankton eines frankischen Teiches. Ber. Dtsch. Bot. 
Ges. 69:189-192. 
Glenk, H, 0., and B. Fott. 1971. Zur Frage der Validitat der Art 
Mallomonas schwemmlei Glenk und ihrer Unterscheidung von 
Mallomonas coronifera Matvienko. Arch. Protistenkd. 113:220-229. 
Goeke, G. 1973. Ein neues Diatomeen-Einschlussmittel mit hoher 
Brechzahl: Aroclor. Microcosmos 62:278-281. 
Green, R. B. 1979. Scale-bearing Chrysophyceae from seven lakes 
on Vancouver Island. Syesis 12 1979:155-162. 
Green, R. B. 1980. Rare scale bearing Chrysophyceae of Otter Lake, 
British Columbia. Can. J. Bot. 58:599-603. 
Greenwood, A. D. 1967. Scale production in Synura. Proc. Roy. 
Microsc. Soc. 2:380-381. 
Grell, K. G. 1973. Protozoology. Springer-Verlag, New York. 554 pp. 
Gretz, M. R., M. R. Sommerfeld, and D. E. Wujek. 1979. Scaled 
Chrysophyceae of Arizona: A preliminary survey. J. Arizona -
Nevada Acad. Sci. 14:75-80. 
209 
Grimstone, A. V., and R. J. Skaer. 1972. A guidebook to microscopical 
methods. Cambridge Univ. Press, New York. 134 pp. 
Guillard, R. R. L., and C. J. Lorenzen. 1972. Yellow-green algae 
with Chlorophyllide C. J. Phycol. 8:10-14. 
Happey-Wood, C. M. 1976. Vertical migration pattern in phytoplankton 
of mixed species composition. Br. Phycol. J. 11:355-369. 
Harris, K. 1953. A contribution to our knowledge of Mallomonas. 
J. Linn. Soc. (Bot.) 60:88-102. 
Harris, K. 1958. A study of Mallomonas insignis and Mallomonas 
akrokomos. J. Gen. Microbiol. 19:55-64. 
Harris, K. 1966. The genus Mallomonopsis. J. Gen. Microbiol. 42: 
175-184. 
Harris, K. 1967. Variability in Mallomonas. J. Gen. Microbiol. 46: 
185-191. 
Harris, K. 1970a. Imperfect forms and the taxonomy of Mallomonas. 
J. Gen. Microbiol. 61:73-76. 
Harris, K. 1970b. Species of the Torquata group of Mallomonas. 
J. Gen. Microbiol. 61:77-80. 
Harris, K., and D. E. Bradley. 1956. The potentialities of the 
carbon replica technique in the examination of the scales of 
Synura and Mallomonas under the electron microscope. Research 
London 9:20-22. 
Harris, K., and D, E. Bradley. 1957. An examination of the scales 
and bristles of Mallomonas in the electron microscope using 
carbon replicas. J. Roy. Microsc. Soc. 76:37-46. 
Harris, K., and D. E. Bradley. 1958. Some unusual Chrysophyceae 
studied in the electron microscope. J. Gen. Microbiol. 18: 
71-83. 
Harris, K., and D. E. Bradley. 1960. A taxonomic study of 
Mallomonas. J. Gen. Microbiol. 22:750-777. 
Hayden, A. 1943. A botanical survey in the Iowa lake region of Clay 
and Palo Alto counties. la. State Coll. J. Sci. 17:277-416. 
210 
Healy, F. P., and L. L. Hendzel. 1979. Fluorometric measurement 
of alkaline phosphatase activity in algae. Freshwater Biology 
9:429-439. 
Heath, I. B., A. D. Greenwood, and H. B. Griffiths. 1970. The 
origin of flimmer in Saprolegnia, Dictyuchus, Synura and 
Cryptomonas. J. Cell Sci. 7:445-461. 
Hibberd, D. J. 1973. Observations on the ultrastructure of flagellar 
scales in Synura. Arch. Mikrobiol. 89:291-304. 
Hibberd, D. J. 1976. The ultrastructure and taxonomy of the 
Chrysophyceae and Prymnesiophyceae (Haptophyceae): a survey 
with some new observations on the ultrastructure of the 
Chrysophyceae. Bot. J. Linnean See. 72:55-80. 
Hibberd, D. J. 1978. The fine structure of Synura sphagnicola 
(Korsh.) Korsh. (Chrysophyceae). Br. Phycol. J. 13:403-412. 
Horner, H. T. 1976. Laboratory manual for microscopy I and II. 
Dept. of Botany, ISU, Ames, Iowa. 125 pp. 
Huber-Pestalozzi, G. 1941. Das Phytoplankton des SuBwassers. 2 (1). 
A. Thienemann, ed. Die Binnengewasser 16, 2 (l):l-366. 
Jarosch, R. 1970. On the flagellar waves of Synura bioreti and the 
mechanics of the uniplanar waves. Protoplasma 69:201-214. 
Jarosch, R., and B. Fuchs. 1975. On the rotation of fibrils in the 
Synura flagellum. Protoplasma 85:285-290. 
Jensen, W. A. 1962. Botanical histochemistry. W. H. Freeman and 
Co., San Francisco. 408 pp. 
Johansen, D. A. 1940. Plant microtechnique. McGraw-Hill Book Co., 
New York. 523 pp. 
Kay, D. H., ed. 1965. Techniques for electron microscopy. F. A. 
Davis Co., Philadelphia, Pa. 560 pp. 
Klaveness, D., and R. R. L. Guillard. 1975. The requirement for 
silicon in Synura petersenii (Chrysophyceae). J. Phycol. 11: 
349-355. 
Knowles, S. C., and R. G. Zingmark. 1978. Mercury and temperature 
interactions on the growth rates of three species of freshwater 
phytoplankton. J. Phycol. 14:104-109. 
211 
Koppen, J. D. 1975. A morphological and taxonomic consideration of 
Tabellaria from the north central United States. J. Phycol. 11: 
236-244. 
Korshikov, A. A. 1929. Studies on the Chrysomonads. I. Arch. 
Protistenkd. 67:253-290. 
Korshikov, A. A. 1942. On some new or little knovm flagellates. 
Arch. Protistenkd. 95:22-44. 
Krieger, W. 1930. Untersuchungen uber Plankton-Chrysomonaden. 
Botanisches Archiv. 29:257-329. 
Kristiansen, J. 1961. Sexual reproduction in Mallomonas caudata. 
Bot. Tidsskr. 57:306-309. 
Kristiansen, J. 1963. Observations on the structure and ecology of 
Synura splendida. Bot. Tidsskr. 58:281-289. 
Kristiansen, J. 1969. Chrysosphaerella multispina Bradley and some 
other remarkable Chrysophyceae from Lake Striken, Aneboda, 
Sweden. Osterr. Bot. Z. 116:70-84. 
Kristiansen, J. 1971. A Mallomonas bloom in a Bulgarian mountain 
lake. Nova Hedwigia 21:877-882. 
Kristiansen, J. 1975a. Chrysophyceae from Alberta and British 
Columbia. Syesis 8:97-108. 
Kristiansen, J. 1975b. On the occurrence of the species of Synura 
(Chrysophyceae). Verh. Internat. Verein. Limnol. 19:2709-2715. 
Kristiansen, J. 1976. Studies on the Chrysophyceae of Bornholm. 
Bot. Tidsskr. 70:126-142. 
Kristiansen, J. 1978. Studies on the Chrysophyceae of Bornholm. 
II. Bot. Tidsskr. 73:71-85. 
Kristiansen, J. 1979a. Observations on some Chrysophyceae from 
North Wales. Br. Phycol. J. 14:231-241. 
, Kristiansen, J. 1979b. Problems in classification and identification 
of Synuraceae (Chrysophyceae). Schweiz. Z. Hydrol. 40:310-319. 
Kristiansen, J. 1980. Chrysophyceae from some Greek lakes. Nova 
Hedwigia 33:167-194. 
Kutkuhn, J. H. 1958. The plankton of North Twin Lake with particular 
reference to the summer of 1955. la. State Coll. J. Sci. 32: 
419-450. 
212 
Lauterborn, R. 1896. Diagnoser neuer Protozoen aus dem Gebiete des 
Oberrheins. Zool. Anzeiger 19:14-18. 
Lauterborn, R, 1899. Protozoen Studien, IV. Flagellaten aus dem 
Gebiete des Oberrheins. Zeitschr. Wiss. Zool. 65:369-391. 
Leadbeater, B. S. C. 1972. Paraphysomonas cylicophora sp. nov. a 
marine species from the coast of Norway. Norw. J. Bot. 19:179-
185. 
Lee, R. E. 1978. Formation of scales in Paraphysomonas vestita 
and the inhibition of growth by germanium dioxide. J. Protozool. 
25:163-166. 
Leedale, G. F., B. S. C. Leadbeater, and A. Massalski. 1970. The 
intracellular origin of flagellar hairs in the Chrysophyceae 
and Xanthophyceae. J. Cell Sci. 6:701-719. 
Lehman, J. T. 1976a. Photosynthetic capacity and luxury uptake of 
carbon during phosphate limitation in Pediastrum duplex 
(Chlorophyceae). J. Phycol. 12:190-193. 
Lehman, J. T. 1976b. Ecological and nutritional studies on Dinobryon 
Ehr. Limnol. Oceanogr. 21:646-658. 
Lucas, I. A. N. 1967. Two new marine species of Paraphysomonas. 
J. Mar. Biol. Ass. U. K. 47:329-334. 
Lucas, I. A. N. 1968. A new member of the Chrysophyceae bearing 
polymorphic scales. J. Mar. Biol. Ass. U. K. 47:329-334. 
Lund, J. W. G. 1942. Contributions to our knowledge of British 
Chrysophyceae. New Phytologist 41:274-292. 
Manton, I. 1955. Observations with the electron microscope on 
Synura caroliniana Whitford. Proc. Leeds Philos. Soc. Sci. 
6:306-316. 
Manton, I., and G. Leedale. 1961. Observations on the fine structure 
of Paraphysomonas vestita with special reference to the golgi 
apparatus and origin of scales. Phycologia 1:37-57. 
Marquis, S. A. 1977. Taxonomic investigations of Mallomonas. M.S. 
Thesis. Texas A&M Univ. 57 pp. 
McGory, C. B. 1976. A nonsiliceous component of Chrysophyte scales. 
Br. Phycol. J. 11:197. 
213 
McKnight, D. M., and F. M. M. Morel. 1979. Release of weak and 
strong copper-complexing agents by algae. Limnol. Oceanogr. 
24:823-837. 
Meek, G. A. 1976. Practical electron microscopy for biologists. 
John Wiley and Sons, New York. 528 pp. 
Meyer, M. C., and 0. W. Olsen. 1971. Essentials of parasitology. 
Wm. C. Brown Co., Dubuque, la. 293 pp. 
Meynell, G. G., and E. Meynell. 1970. Examination of bacteria by 
microscopy, pp. 128-153 Jm Theory and practice in experimental 
bacteriology. Cambridge University Press, New York. 347 pp. 
Moestrup, 0. 1979. Identification by electron microscopy of marine 
nanoplankton from New Zealand, including the description of 
four new species. New Zealand J. Bot. 17:61-95. 
Moestrup, 0., and H. Thomsen. 1980. Preparation of shadow-cast 
whole mounts, pp. 355-367 ^  E. Gantt, ed. Handbook of phycolog 
ical methods, developmental and cytological methods. Cambridge 
Univ. Press, New York. 425 pp. 
Munch, C. S. 1972. An ecological study of the planktonic Chrysophyte 
of Hall Lake, Washington. Ph.D. Thesis. Univ. of Washington. 
228 pp. 
Munch, C. S. 1980. Fossil diatoms and scales of Chrysophyceae in 
the recent history of Hall Lake, Washington. Freshwater Biology 
10:61-66. 
Nichols, K. H. 1978. Jensen staining, a neglected tool in phycology. 
Trans. Am. Microsc. Soc. 97:129-132. 
Nichols, K. H. 1980. A reassessment of Chrysosphaerella longispina 
and multispina, and a revised key to related genera in the 
Synuraceae (Chrysophyceae). Plant Systematics and Evolution 
135:95-106. 
Nichols, K. H. 1981. Spiniferomonas (Chrysophyceae) in Ontario 
lakes including a revision and descriptions of two new species. 
Can. J. Bot. 59:107-117. 
Nissenbaum, G. 1953. A combined method for the rapid fixation and 
adhesion of ciliates and flagellates. Science 118:31-32. 
214 
Norris, R. E., and C. S. Munch. 1976. Studies on Chrysodldymus, 
a very rare Chrysophyte. 21st A.I.B.S. Annual Meeting, Univ. 
of Indiana, Bloomington. (Original not seen, D. E. Wujek, 
Central Mich. Univ., Mt. Pleasant, Mich., personal communication, 
1976). 
Nygaard, G. 1949. Hydrobiological studies on some Danish ponds and 
lakes. Part 2. Det Kongelige Danske Videnskabernes Selskab 
Biologiske Skrifter 7:117-135. 
Nygaard, G. 1956. The ancient and recent flora of diatoms and 
Chrysophyceae in Lake Gribs(^. Pp. 32-94 ^  K. Berg and I. C. 
Petersen. Studies on humic acid Lake Gribs^. Folia Limnologica 
Scandinavica 8:1-273. 
Nygaard, G. 1977. New or interesting plankton algae. Det Kongelige 
Danske Videnskabernes Selskab Biologiske Skrifter 21:1-107. 
Nygaard, G. 1978. Freshwater phytoplankton from the Narssaq area, 
south Greenland. Bot. Tidsskr. 73:191-238. 
Pascher, A. 1913. Die Susswasser-Flora Deutschlands, Osterreichs 
und der Schweiz 2, (2) flagellatae. A. Pascher and E. Lemmerman, 
eds. Gustav Fidcher, Verlag. 192 pp. 
Pennick, N. C., and K. J. Clarke. 1972. Paraphysomonas butcheri 
sp. nov., a marine, colourless, scale-bearing member of the 
Chrysophyceae. Br. Phycol. J. 7:45-48. 
Pennick, N. C., and K. J. Clarke. 1973. Paraphysomonas corbidifera 
sp. nov., a marine, colourless, scale-bearing member of the 
Chrysophyceae. Br. Phycol. J. 8:147-151. 
Perman, J., and A. Vinnikova. 1955. Tri zimni planktonni chrysomonady. 
Preslia 27:272-279. 
Party, M. 1852. Zur Kenntnis kleinster Lebensformen nach Bau, 
Funktionen, Systematik mit spezialverzeichniss der in der Schweiz 
beobachteten. Jent and Reinert, Verlag. 
Peterfi, L. S. 1965a. Four Mallomonas species of Rumania studied in 
light and electron microscope. Advancing Frontiers of Plant 
Science 10:135-140. 
Peterfi, L. S. 1965b. Observations on Synura Ehr. in Rumania with 
special attention to Synura splendida Korsh. Revue Algol. 8: 
52-55. 
Peterfi, L. S. 1967. Studies on the Rumanian Chrysophyceae. I. 
Nova Hedwigia 13:117-137. 
215 
Peterfi, L. S. 1974. Chrysophyceae si Xanthophyceae din mlastinile 
eutrofe si de trecere de la Salicea (Cluj). Contributii 
Botanice Cluj-Napoca 2:7-17. 
Peterfi, L. S., and L. Momeu. 1976. Romanian Mallomonas species 
studied in light and electron microscopes. Nova Hedwigia 27: 
353-392. 
Peterfi, L. S., and L. Momeu. 1977. Remarks on the taxonomy of some 
Synura scales. Studii si Comunicari St. nat. 21:15-23. 
Petersen, J. B., and J. B. Hansen. 1956a. On the scales of some 
Synura species. Biologiske Meddelelser Det Kongelige Danske 
Videnskabernes Selskab 23:1-26. 
Petersen, J. B., and J. B. Hansen. 1956b. Nogle elektronmikroskopiske 
unders^gelser af Physomonas vestita. Naturh. Tidsskr. 20:8-9. 
Petersen, J. B., and J. B. Hansen. 1958. On the scales of some 
Synura species. II. Biologiske Meddelelser Det Kongelige 
Danske Videnskabernes Selskab 23:1-13. 
Petersen, J. B., and J. B. Hansen. 1961. On some neuston organisms. 
III. Bot. Tidsskr. 57:293-305. 
Pickett-Heaps, J. D. 1980. Preparation of algae for scanning 
electron microscopy. Pp. 367-376 ^  E. Gantt, ed. Handbook of 
phycological methods, developmental and cytological methods. 
Cambridge Univ. Press, New York. 425 pp. 
Preisig, H. R., and E. Takahashi. 1978. Chrysphaerella 
(Pseudochrysosphaerella) solitaria, spec, nova (Chrysophyceae). 
Plant Systematics and Evolution 129:135-142. 
Prescott, G. W. 1927. The motile algae of Iowa. Univ. of la. 
Studies Nat. Hist. 12:5-62. 
Prescott, G. W. 1931. Iowa algae. Univ. of la. Studies Nat. Hist. 
13:1-235. 
Prescott, G. W. 1944. New species and varieties of Wisconsin algae. 
Farlowia 1:347-385. 
Prescott, G. W. 1962. Algae of the western Great Lakes area. Wm. 
C. Brown Co., Dubuque, Iowa. 977 pp. 
Pringsheim, E. G. 1946. Pure cultures of algae. Reprinted by Hafner 
Publishing Co., New York. 119 pp. 
216 
Provasoli, L., and A. F. Carlucci. 1974. Vitamens and growth 
regulators. W. P. D. djn Stewart, ed. Algal physiology and bio­
chemistry. Univ. of California Press, Berkeley. 989 pp. 
Prowse, G. A. 1962. Further Malayan freshwater flagellata. The 
Gardens' Bulletin; Singapore 19:105-146. 
Puytorac, P. de, J. P. Mignot, J. Grain, C. A. Groli^re, L. Bonnet, 
and P. Couillard. 1972. Premier relevi de certains groupes de 
protozoaires libres sur le territoire de la station de biologie 
de 1'university de Montreal (Saint-Hippolyte, Comte de Terrebonne, 
Quebec). Naturaliste Canadien 99:417-440. 
Rees, A. J. J., G. F. Leedale, and H. A. Cmiech. 1974. Paraphysomonas 
faveolata sp. nov. (Chrysophyceae), a fourth marine species with 
meshwork body scales. Br. Phycol. J. 9:273-283. 
Sangren, C. D. 1978. Resting cysts of the Chrysophyceae: their 
induction, development, and strategic significance in the life 
history of planktonic species. Ph.D. Thesis. Univ. of Wash­
ington. 176 pp. 
Schnepf, E., and G. Deichgraber. 1969. Uber die Feinstruktur von 
Synura petersenii unter besonderer Berucksichtigung der Morphogenese 
ihrer Kieselschuppen. Protoplasma 68:85-106. 
Sleigh, M. 1973. The biology of Protozoa. Edward Arnold Limited, 
London, 315 pp. 
Smith, G. M. 1926. The plankton algae of the Okoboji region. 
Trans. Amer. Microsc. Soc. 45:156-233. 
Smith, G. M. 1950. The fresh water algae of the United States. 
McGraw-Hill Book Co., New York. 719 pp. 
Smith, P. E. 1962. An ecological analysis of a northern Iowa 
Sphagnum bog and adjoining pond. Ph.D. Thesis. Univ. of Iowa. 
149 pp. 
Smol, J. P. 1980. Fossil synuracean (Chrysophyceae) scales in lake 
sediments: a new group of paleoindicators. Can. J. Bot. 58: 
458-465. 
Spencer, C. S. 1917. Observations on the protozoa with descriptions 
and drawings of some probable new species. Proc. la. Acad. Sci. 
24:335-351. 
Starret, W. C., and R. Patrick. 1952. Net plankton and bottom micro­
flora of the Des Moines River, Iowa. Proc. Acad. Nat. Sci. 
104:219-243. 
217 
Stein ed., J. R. 1973. Handbook of phycological methods, culture 
methods and growth measurements. Cambridge Univ. Press, New 
York. 448 pp. 
Stoermer, E. F., and L. Sicko-Goad. 1977. A new distribution record 
for Hymenomonas roseola Stein (Prymnesiophyceae, Coccolithophoraceae 
and Spiniferomonas trioralis Takahashi (Chrysophyceae, Synuraceae) 
in the Laurentian Great Lakes. Phycologia 16:355-358. 
Stokes, A. C. 1885. Notes on some apparently undescribed forms of 
freshwater infusoria. Am. J. Sci. 29:313-328. 
Takahashi, E. 1963. Studies on genera Mallomonas. Synura, and other 
plankton in fresh water with the electron microscope. IV. On 
two new species of Mallomonas found in ditches at Tsuruoka in 
the northeast of Japan. Bull. Yamagata University (Ag. Sci.) 
4:227-245. 
Takahashi, E. 1972. Studies on genera Mallomonas and Synura, and 
other plankton in fresh water with the electron microscope. VITI. 
On three new species of Chrysophyceae. Bot. Mag. Tokyo 85:293-
302. 
Takahashi, E. 1973. Studies on genera Mallomonas and Synura, and 
other plankton in fresh water with the electron microscope. VII. 
New genus Spiniferomonas of the Synuraceae (Chrysophyceae). 
Bot. Mag. Tokyo 86:75-88. 
Takahashi, E. 1975. Studies on genera Mallomonas and Synura, and 
other plankton in fresh water with the electron microscope. IX. 
Mallomonas harrisae sp. nov. (Chrysophyceae). Phycologia 14: 
41-44. 
Takahashi, E. 1976. Studies on genera Mallomonas and Synura, and 
other plankton in fresh water with the electron microscope. X. 
The genus Paraphysomonas (Chrysophyceae) in Japan. Br. Phycol. 
J. 11:39-48. 
Takahashi, E. 1978. Electron microscopical studies of the Synuraceae 
(Chrysophyceae) in Japan, taxonomy and ecology. Tokai Univ. 
Press, Tokyo. 194 pp. 
Takahashi, E., and T. Hayakawa. 1979. The Synuraceae (Chrysophyceae) 
in Bangladesh. Phykos 18:129-147. 
Thomasson, K. 1970. A Mallomonas population. Svensk Boto Tidskr. 
64:303-311. 
218a 
Thomsen, H. 1975. An ultrastructural survey of the Chrysophycean 
genus Paraphysomonas under natural conditions. B. Phycol. J. 
10:113-127. 
Thomsen, H. 1978. Nanoplankton from the Gulf of Elat (= Gulf of 
'Aqaba), with particular emphasis on Choanoflagellates. Israel 
J. Zoo. 27:34-44. 
Trainor, F. R. 1978. Introductory phycology. John Wiley and Sons, 
New York. 525 pp. 
von Stosch, H. A. 1974. Pleurax, seine Synthese und seine Ver-
wendung zur Einbettung und Darstellung der Zellwand von Diatomeen, 
Peridineen und anderen Algen, sowie fur eine neue methode zur 
Elektivfarbung von Dinoflagaten-Panzern. Arch. Protistenkd. 
116:132-141. 
Wawrik, F. 1960. Sexualitat bei Mallomonas fastigata var. kriegerli. 
Arch. Protistenkd. 104:542-544. 
Wawrik, F. 1970. Isogamie bei Synura petersenii Korschikov. Arch. 
Protistenkd. 112:259-261. 
Wawrik, F. 1972. Isogame Hologamie in der Gattung Mallomonas Perty. 
Nova Hedwigia 23:353-362. 
Wawrik, F. 1976. Wetterbedingte Phytoplankton Entwicklungen in den 
Teichen des niederosterreichischen Waldviertels. Limnologica 11: 
161-174. 
Weber, C. 1973. Biological field and laboratory methods for measuring 
the quality of surface waters and effluents. USEPA Publication 
EPA-670/4-73-001, Cincinnati, Ohio. 
Wee, J. L. 1976. Some silica-scaled chrysophytes from Iowa. M.S. 
Thesis. Iowa State Univ., Ames. 83 pp. 
Wee, J. L. 1981. Studies on silica-scaled chrysophytes from Iowa. II. 
Common Synura species. Proc. Iowa Acad. Sci. 88:70-73. 
Wee, J. L., J. D. Dodd, and D. E. Wujek. 1976. Studies on silica-
scaled chrysophytes from Iowa. Proc. Iowa Acad. Sci. 83:94-97. 
Wee, J. L., D. E. Wujek, and M. P. Graebner. 1981. Studies on 
Michigan Chrysophyceae. V. Michigan Botanist (in press). 
Wiemers, C. G. 1974. The diatom genus Diploneis in Iowa. M.S. 
Thesis. Iowa State Univ., Ames. 92 pp. 
218b 
Willen, T. 1962. Studies on the phytoplankton of some lakes 
connected with or recently isolated from the Baltic. Oikos 
13:169-198. 
Wujek, D. E. 1967. Microglena punctifera (O.F.M.) Ehrenberg in the 
United States. Trans. Amer. Microsc. See. 86:340-341. 
Wujek, D. E. 1968. Presence of a second flagellura in Chrysosphaerella 
multispina. J. Phycol. 4:167-168. 
Wujek, D. E. 1978. Ultrastructure of flagellated chrysophytes. III. 
Mallomonas caudata. Trans. Kansas Acad. Sci. 81:327-335. 
Wujek, D. E., and B. C. Asmund. 1979. Mallomonas cyathellata sp. 
nov. and Mallomonas cyathellata var. kenyana var. nov. 
(Chrysophyceae) studied by means of scanning and transmission 
electron microscopy. Phycologia 18:115-119. 
Wujek, D. E., and R. Hamilton. 1972. Studies on Michigan 
Chrysophyceae. I. Michigan Botanist 11:51-59. 
Wujek, D. E., and R. Hamilton. 1973. Studies on Michigan 
Chrysophyceae. Michigan Botanist 12:118-122. 
Wujek, D. E., and J. Kristiansen. 1978. Observations on bristle 
and scale production in Mallomonas caudata (Chrysophyceae). 
Arch. Protistenkd. 120:213-221. 
Wujek, D. E., and P. Timpano. 1981. The genus Mallomonopsis in the 
United States. Trans. Kansas Acad. Sci. (in press). 
Wujek, D. E., and J. Van Der Veer. 1976. Scaled chrysophytes from 
the Netherlands including a description of a new variety. Acta. 
Bot. Neerl. 25:179-190. 
Wujek, D. E., and M. M. Weis. 1981. Synuraceae from Kansas including 
a description of a new taxon. Trans. Kansas Acad. Sci. (in press). 
Wujek, D. E., R. Hamilton, and J. Wee. 1975. Studies on Michigan 
Chrysophyceae. III. Michigan Bot. 14:91-94. 
Wujek, D. E., M. Gretz, and M. G. Wujek. 1977. Studies on Michigan 
Chrysophyceae. IV. Michigan Botanist 16:191-194. 
Wujek, D. E., M. M. Weis, and R. A. Andersen. 1981. Scaled 
Chrysophyceae from the Lake Itasca Region. Proc. Minnesota 
Acad. Sci. (in press). 
Zimmerman, B. 1977. Flagellar and body scales in the chrysophtye 
Mallomonas multiunca Asmund. Br. Phycol. J. 12:287-290. 
219 
ACKNOWLEDGEMENTS 
I would like to thank my major professor, Dr. John Dodd, and my 
committee. Dr. Lois Tiffany, Dr. Donald Farrar, Dr. Roger Bachmann, 
Dr. Craig Davis, and Dr. Bob Chapman, for their guidance and encourage­
ment during the entire degree program. The Department of Botany and 
the Graduate College at ISU provided most of my personal financial 
support and research expenses. A Sigma Xi grant-in-aid of research 
also supported some of the research. Dr. H. T. Horner, A1 Kausch, 
and Bruce Wagner of the Bessey Hall EM Facility at ISU provided much 
aid and advice concerning the EM facets of this work. Conversations 
on specific aspects of the Synuraceae with Dr. Dan Wujek, Central 
Michigan University, were very helpful. Finally, Dr. G. W. Prescott 
provided encouragement concerning the need to better understand 
American Chrysophyceae. 
The Danish Marshal Foundation provided financial support for my 
study with Lektor J^rgen Kristiansen, at the Institut for Planteanatomi 
og Cytologi, K(^benhavn's Universitet, Copenhagen, Denmark. J^irgen was 
a fine host and provided me with an excellent professional and cultural 
experience. His family Aase, Peter, and Erik, were especially kind. 
The entire "IPC Familien" was very gracious to me during my stay, but 
Kirsten Pedersen, Lise Bolt J^rgensen, and Cherry Nielsen were 
particularly helpful. Many of my European colleagues provided advice 
on my study as well as a personal view of their country and its customs. 
These include Berit Asmund, Gertrud Cronberg, Tyge Christensen, Helge 
220 
Thomsen, Helle Nielsen, Barbara Hickel, and Dr. Pierre Bourrelly. 
Thanks to all of you. 
In addition to the people acknowledged above, many friends 
gave support during ray Ph.D. program. Mrs. Jeanne Dodd continually 
showed interest in my efforts. Many fellow graduate students through 
"brainstorming" and encouragement have helped to make graduate school 
a rewarding experience. Because I have been so fortunate to have 
many such friends, it is impossible to list them here. But, I thank 
you all. The "skinny little boy from Cleveland" has been both a good 
friend and a knowledgeable colleague. The "Baron from Chicago" or 
alias "Guru of gearheads" has helped me maintain my sanity as well 
as my car. 
Beth Ferguson and John Wee get a special thanks. Beth has been 
very supportive during the latter stages of the dissertation's 
preparation. John provided expert advice on optimizing the image 
quality of the photomicrography and printed the final plates. But 
most of all, I would like to thank my parents, Don and Velma Wee, 
for their patience and encouragement throughout the degree program. 
221 
APPENDIX A. CHARACTERISTICS OF VARIOUS 
MOUNTING MEDIA CONSIDERED FOR THIS STUDY 
The several mounting media listed below were considered for the 
various types of light microscope preparations used in the research. 
The indices of refraction (RI) for the mountants were obtained from 
literature references or from the manufacturer. Mounting media 
such as Canada balsam, permount, clearmount, piccolyte with an RI = 
1.51-1.55 were not considered because the RI was too close to that 
of silica and would not provide a useful image. Arochlor (RI = 1.66) 
(Goeke, 1973) was not considered because it contains large amounts 
of dangerous polychlorinated biphenols (PCB) (Personal communication. 
Dr. Barbara Hickel, Max Planck Instltut fur Limnologie, Plon, West 
Germany). 
Air RI = 1.0 
A discussion on the utility of air mount preparation is in the 
methods and materials section. 
Hyrax RI = 1.71 Solvent: Toluene, Xylene 
Hyrax has been used commonly by diatomists in the United States 
because it has maintained its optical qualities for a relatively long 
time and has a high RI. The main disadvantage is that it has become 
expensive, about $20 to $25 per oz. (1 oz. = 29.57 ml). Also, it must be 
boiled to drive off the solvent, a disadvantage for Nissenbaum prepara­
tions and other techniques with structures less rigid than diatom 
valves or Synuracean scales. It is available from Custom Research 
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and Development Inc., 8500 Mt. Vernon Road, Auburn, California, 
95603. 
Naphrax RI = 1.7A Solvent: Toluene, Xylene 
Naphrax has a lightly higher RI than Hyrax and could become as 
commonly used in this country. However, because it is a newer 
formula it is not known how long it maintains its good optical qualities, 
an important consideration for slides which are to be maintained in a 
herbarium. Presently, Naphrax is cheaper than Hyrax, costing $20 to 
$25 per 200 ml. The solvent can be driven off by heating at 60° C 
for three to seven days, which makes it useful for Nissenbaum prepara­
tions and similar techniques. It is available from Northern Biological 
Supplies, 3 Betts Avenue, Martlesham Heath, Ipswich IP5 7HR, England. 
Novolacs RI = 1.65 Solvent: Absolute ethanol 
Novolacs is a new synthetic resin which is relatively untried. 
Crumpton and Wetzel (1980) state that it has maintained its qualities 
at least one year. It might be useful for Nissenbaum preparations by 
omitting xylene in the dehydration sequence when a mountant with an 
intermediate RI is desired. 
Pleurax RI = 1.75 Solvent: Phenol 
A new method for synthesizing Pleurax was published by von Stosch 
(1974). The main advantage of Pleurax over other mountants is that 
it has high RI. It requires some time consuming processes before 
specimens can be mounted on slides (von Stosch, 1974). Since the 
difference in RI between Pleurax and Naphrax is slight, 0.1, and 
because Naphrax solidifies at 
for Pleurax, Naphrax appeared 
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a cooler temperature, 60° C versus 100° C 
to be a superior mountant for my purposes. 
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APPENDIX B. FIXATIVES USED FOR 
LIGHT MICROSCOPY AND SAMPLE PRESERVATION 
The fixatives listed in the table were applied immediately after 
the samples were collected. Additionally, a copper sulfate solution 
as described below and Lugol-Rodhe solution were used as a fixative 
on concentrated, fresh samples for immediate observation with light 
microscopy. When used in this manner, one drop of fixative was 
applied to one to three drops of sample on a microscope slide, then 
prepared and examined as a wet mount. The solutions listed immediately 
below were used in standard concentrations as described. The formulas 
listed in the table are simply mixed together unless special instruc­
tions state otherwise. 
Acetic Acid Only concentrated glacial 
acetic acid was used. 
Chromic Acid A 10% aqueous solution made 
by dissolving 10 g of chromium 
trioxide in 100 ml of distilled 
water. 
Cupric Sulfate 21 g of CuSO, dissolved in 
100 ml of distilled water. 
ETOH Ethyl alcohol. 
Formlin Only concentrated formalin 
(37-40% formaldehyde) was used. 
Phosphate Buffer Made at a pH 7.2-7.4, see 
Jensen (1962), Berlyn and 
Miksche (1976) or Horner (1976). 
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Fixative Formula Application rate 
Weak Phosphate Buffered 
Formaldehyde 
9 vol. Phosphate Buffer 
1 vol. Formalin 
1 vol. sample 
1 vol. fixative 
Medium Phosphate 
Buffered Formaldehyde 
3 vol. Phosphate Buffer 
2 vol. Formalin 
7 vol. sample 
1 vol. fixative 
Strong Phosphate 
Buffered Formaldehyde 
1 vol. Phosphate Buffer 
2 vol. Formalin 
9 vol. sample 
1 vol. fixative 
Buffered Gluteraldehyde Dilute Gluteraldehyde 
to a 6% solution with 
phosphate buffer 
1 vol. sample 
1 vol. fixative 
FA 5 vol. Formalin 
^1 vol. acetic acid 
*(The 15:1 ratio was the 
best application rate 
for my material.) 
*15 vol. sample 
1 vol. fixative 
or 
20 vol. sample 
1 vol. fixative 
or 
5 vol. sample 
1 vol. fixative 
FGC 83 vol. Formalin 
17 vol. acetic acid 
1 vol. cupric sulfate 
solution 
15 vol. sample 
1 vol. fixative 
FGP 5 vol. Formalin 
1 vol. acetic acid 
To 100 ml of the above 
solution add 20 drops of 
Photo-Flo solution. 
(Photo-Flo 200 is a 
photographic film 
surfactant sold by 
Kodak Corporation.) 
15 vol. sample 
1 vol. fixative 
6:3:1 3 vol. 95% ETOH 
1 vol. Formalin 
3 vol. sample 
2 vol. fixative 
6:3:1:1 3 vol. 95% ETOH 
1 vol. Formalin 
1 vol. acetic acid 
6 vol. sample 
5 vol. fixative 
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Lugol-Rodhe Solution 
(Willen, 1962) 
lOg I2 
20g KI 
20g acetic acid 
200g distilled water 
Add fixative until 
the sample turns 
dark golden-brown 
Note: Because this solution is adsorbed by plastic, it should be 
stored in glass containers. 
M-3 
(Personal communication, 
Ms. Barbara Wins-
borough, Espey, Huston 
and Assoc. Inc., 
Austin, Texas) 
20g I2 
20g KI 
100 ml acetic acid 
500 ml Formalin 
2 liters distilled water 
100 vol. sample 
3 vol. fixative 
Add a stirring rod, distilled water and KI to an Erlynmeyer flask and 
mix on a magnetic stirrer until the KI dissolves. Add the I2 to the 
flask and heat the solution to 40-45° C; it should never exceed 50° C. 
Invert a petrie dish over the mouth of the flask. Allow the solution 
to heat and mix on the hot plate until the I2 dissolves, about 4 hours. 
After the solution has cooled, add the Formalin and acetic acid. 
Merthiolate 1.0 g merthiolate (sodium 1000 vol. sample 
Preservative ethyl-mercury thio- 37 vol. fixative 
(Weber, 1973) salicylate) 
1.0 ml aqueous saturated 
potassium iodide 
solution prepared 
by dissolving 40 g 
I2 and 60 g KI in 
1 liter of distilled 
water 
1.5 g Borax (sodium borate) 
Dissolve each of the components separately in approximately 300 ml of 
distilled water, combine and make up to one liter with distilled water. 
Weak Chrom-Acetic 2.5 vol. chromic acid 8 vol. sample 
(Johansen, 1940) 5.0 vol. 10% acetic acid 1 vol. fixative 
(10 ml acid/100 ml 
distilled water) 
Medium Chrom-Acetic 7.0 vol. chromic acid 8 vol. sample 
(Johansen, 1940) 10 vol. 10% acetic acid 1 vol. fixative 
(10 ml acid/100 ml 
distilled water) 
227 
Nolands Solution 
(Grimstone and Skaer, 
1972) 
80 ml of phenol sat- 10 ml sample 
urated in distilled 5 drops fixative 
water 
20 ml Formalin 
4 ml glycerine 
0.02 g Gentian Violet 
Moisten the stain with a little water before adding the other components. 
The phenol solution must not contain phenol in suspension. 
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APPENDIX CI. LOCATION OF COLLECTION SITES IN IOWA 
Site County Location 
Big Creek Reservoir Polk T-18N, R-25W 
Sec. 15 
Big Wall Lake Wright T-90N, R-24W 
Sees. 11 & 12 
Christopherson's Slough Dickinson T-IOON, R-35W 
Sec. 14 
Dead Man's Lake Hancock T-97N, R-23W 
Sec. 4 
Diamond Lake Dickinson T-IOON, R-37W 
Sec. 18 
"Dodd's Pond" 
Empheral pond in a pasture 
neighboring Cayler Prairie 
Highway 9 Pond 
Dickinson 
Dickinson 
T-99N, R-37W 
Sec. 8, SWls 
T-IOON, R-36W 
Sec. 6 
Jemmerson Slough Dickinson T-IOON, R-36W 
Sec. 3 
Kettle Hole, 
Fredda Hafner Preserve 
Dickinson T-99N, R-37W 
Sec. 33 
Mark Sand Prairie, 
"Fence Pond" 
Miniwakon Bay, 
Big Spirit Lake 
Prairie Lake 
Black Hawk 
Dickinson 
Dickinson 
T-90N, R-14W 
Sec. 19 
T-IOON, R-36W 
Sec. 9 
T-98N, R-36W 
Sec. 23 
Springbrook Lake Guthrie T-80N, R-31W 
Sec. 4 
"Thorpe Park Marsh" 
Thorpe County Park 
Winnebago T-98N, R-25W 
Sec. 36 
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Site County Location 
"Three-Corner Ponds" Dickinson T-99N, R-37W 
Ponds Along the Road Sec. 35 
"Upper Beaver Pond" 
Iowa Lakeside Lab 
Dickinson T-99N, R-37W 
Sec. 23 
230 
APPENDIX C2. LOCATION OF COLLECTION SITES OUTSIDE lOWA^ 
Locust Creek, Missouri Collected where Highway 36 crosses 
the creek by John Barnet, Department 
of Civil Engineering, ISU. 
Lake Isa, Wyoming Pond near continental divide in 
Yellowstone National Park. 
Heart Lake, Adirondak Mountains Sample from sediment core, 230 cm 
deep, furnished by Ms. Susan Reed, 
Indiana University. 
Douglas Lake, Michigan 
Smith's Bog, Michigan 
Both localities are in Cheboygan 
County, Michigan, near the University 
of Michigan Biological Station. 
Information on foreign localities can be obtained from the people 
below: 
Denmark 
Sweden 
West Germany 
Holland 
J^rgen Kristiansen 
Institut for Planteantomi og Cytologi 
K^benhavns Universitet 
Sf^lvgade 83 
Dk 1307 Copenhagen K 
Denmark 
Gertrud Cronberg 
Lunds Universitet 
Limnologiska Institutionen 
S 220 03 Lund 3 
Sweden 
Barbara Hickel 
Max-Planck-Institut fur Limnologie 
August-Thienemann-Str. 2 
2320 Plon 
West Germany 
Daniel Wujek 
Department of Biology 
Central Michigan University 
Mt. Pleasant, Michigan 
USA 
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APPENDIX D. PHYSICAL AND CHEMICAL DATA FOR EACH COLLECTION 
Specific 
Temperature conductance 
Collection pH in °C in jimho 
October 6, 1976 
Big Creek Reservoir 
June 19, 1978 
"Upper Beaver Pond" 7.8 14 600 
June 26, 1978 
"Three-Corner Ponds" 7.2 22 400 
July 9, 1978 
Kettle Hole 6.3 21 135 
July 13, 1978 
Highway 9 Pond 7.4 23 650 
October 19, 1978 
Springbrook Lake 
October 20, 1979 
Jemmerson Slough 7.8 14 450 
October 27, 1979 
Deadman's Lake 5.7 9 90 
November 9, 1979 
Mark Sand Prairie 
"Fence Pond" 6.6 3 55 
November 19, 1979 
"Dodd's Pond" 6.2 8 200 
November 19, 1979 
Jemmerson Slough 7.2 4 500 
•November 19, 1979 
Prairie Lake 8.6 6 425 
The Big Creek Reservoir, October 6, 1976, and Springbrook Lake, 
October 19, 1978, were collected by Dr. John D. Dodd. Physical and 
chemical data were not available. 
232 
Collection pH 
Temperature 
in °C 
Specific 
conductance 
in |xmho 
January 26, 1980 
Miniwakon Bay 
January 27, 1980 
Kettle Hole 
8.3 
6.7 
725 
850 
January 27, 1980 
Diamond Lake 7 .7 700 
April 5, 1980 
"Thorpe Park Marsh" 
April 6, 1980 
Big Wall Lake 
April 12, 1980 
Kettle Hole 
7.5 
7.8 
7.5 
11 
350 
325 
100 
April 12, 1980 
Miniwakon Bay 
April 12, 1980 
Christopherson's Slough 
April 12, 1980 
Diamond Lake 
April 25, 1980 
Big Wall Lake 
June 9, 1980 
"Dodd's Pond" 
8.3 
8 . 0  
8.1 
7.6 
6 . A  
14 
14 
500 
500 
550 
400 
90 
June 9, 1980 
Miniwakon Bay 
June 10, 1980 
Christopherson's Slough 
June 10, 1980 
Highway 9 Pond 
8.7 
8.3 
8 . 2  
19 
18 
17 
500 
550 
600 
June 11, 1980 
"Three-Corner Ponds" 7.3 17 400 
233 
APPENDIX E. KEY TO GENERA AND SPECIES OF SYNURACEAE 
Explanation of the Keys 
These keys are not an attempt to revise the Synuraceae. Rather 
they are provided as a systematic guide to the literature. Because 
this is not a revision, authority names were not used in the key. If 
the species is not discussed in the text, pertinent references are 
cited. The keys are based mostly on the morphology of "typical" 
scales (i.e., those most frequently illustrated in the literature). 
They are usually anterior or body scales as observed with TEM. The 
keys are illustrated as much as possible by references to my figures. 
Because this is the first attempt to write keys to all species 
of Synuraceae observed with EM, their greatest utility may be in 
listing similar appearing taxa with electron micrographs. All taxa 
are listed in groups with morphologically similar scales as observed 
with EM. When making identifications, species in the same group should 
be carefully compared. Since Takahashi (1973, 1978) and Nichols (1981) 
have provided keys to Spiniferomonas based upon EM, they are not 
included here. Key to species of Microglena, Catenochrysis, and 
Conradiella are not provided since they have not been studied with EM. 
In a key of this nature, it is likely that some species have been 
overlooked and not included. Recently described species of Synuraceae 
or name changes published after the keys were written are in Cronberg 
and Kristiansen (1980), Wujek and Timpano (1981), and Wujek and Weiss 
(1981). Therefore, although this is an attempt at a thorough survey 
of the family, it is somewhat incomplete. 
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Key to the Genera of Synuraceae^ 
la. Organisms unicellular 2 
lb. Organisms colonial 8 
2a. Cells with one flagellum 3 
2b. Cells with two flagella of unequal length 6 
3a. Lorica formed by siliceous scales and bristles and/or spines 4 
3b. Lorica formed by some other type of siliceous structure 5 
4a. Scales of two types (1) elliptical, (2) with a double disc 
base and a central spine (Figures 24-25, 216-224) Chryso-
sphaerella (unicellular species) 
4b. Scales, bristles and spines of various shapes, but a double disc 
base of spined scales never present (Figures 1-15, 31-146) 
Mallomonas 
5a. Cell with siliceous granules embeded in a firm envelope 
Microglena^ 
5b. Cell surrounded by siliceous bands Conradiella^ 
6a. Lorica formed by circular to elliptical or crown scales, 
spined scales common with a centrally attached spine (Figures 26-30) 
7 
6b. Scales elliptical and flat or with dome, V-rib and flange or a 
central transverse ridge (Figures 147-153, and similar to 1-3) 
Mallomonopsis 
The genera Microglena and Conradiella are very rare and have not 
been observed with electron microscopy. 
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7a. Cells colorless. Scales nearly circular or as crown scales. 
Spined scales tack-like, with spines of various lengths (Figures 
26-27, 197-208) Paraphysomonas 
7b. Cells with chloroplasts. Scales elliptical to circular, some­
times with one or two lacunae. Spines flat, triagonal or conical 
(Figures 28-30) Spiniferomonas (Key to species are provided 
by Takahashi, 1973, 1978; Nichols, 1981) 
8a. Cells with two flagella of about equal length. Scales (1) 
elliptical with a spine, (2) nearly circular with a spine, or 
(3) elliptical with a central papillum (Figures 16-23, 154-196) 
Synura 
8b. Cells without two flagella of equal length and scales not as 
above 9 
9a. Cells with one flagellum or with a very short second flagellum 
(less than 1/5 the length of the first). Scales circular to 
elliptical, usually with an inner rib. Spined scales with a 
double disc base, spines of various lengths (Figures 24-25, 
216-224) Chrysosphaerella (colonial species) 
9b. Cells pyriform with two flagella, one about one-half the length 
of the other. Flagella attached to the small end of the cell 
Catenochrysis^ 
Key to the Species of Chrysosphaerella 
la. Spined scales with both discs of the base coalesced, the distal 
one forming a crown on the lower one. Bristle tip minutely 
This genus, Catenochrysis, is very rare and has not been 
observed with electron microscopy. Chysodldymus is included in 
Catenochrysis (Bourrelly, 1968). 
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furcate. Elliptical scales with a ring-like rib positioned 
halfway between the periphery and the center of the scale. 
Minute ribs project from the ring to periphery of the scale 
(Figure 225) C. coronacircumspina (p. 102) 
lb. Spined scales without coalesced basal discs. Bristle tips and 
scale morphology various 2 
2a. The distal disc of the spined scale smaller than the proximal 
disc. The bristle shaft furcates about halfway between the 
two discs. Distal end of the spine is three ridged, each ridge 
forming a tooth at the tip. Elliptical scales present 
C. salina (see Birch-Anderson, 1973; Moestrup, 1979) 
2b. Discs of the scale base about the same size or the distal disc 
larger in diameter than the proximal disc. Shaft of the bristle 
not ridged ? 
3a. The distance between the proximal and distal disc on the bristle 
is less than the diameter of the distal disc, the transition 
from the distal disc to the shaft being quite abrupt. Scales 
with a ring-like rib positioned about 1/2 the distance between 
the center and the periphery. Minute teeth-like ribs project 
from the ring-like rib towards the periphery of elliptical 
scales. Spines up to 40 ^ m (Figures 216-222) brevispina 
(p. 101) 
3b. The distance between the proximal and distal disc on the spined 
scales is greater than the diameter of the distal disc, the 
transition from the distal disc to the shaft quite gradual. 
Elliptical scales with a ring-like rib positioned 1/2 the 
distance between the center and the periphery. More ribs form 
a large meshed reticulum within the ring-like rib (Figure 22A) 
longispina (see Nichols, 1980) 
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Key to the Species of Mallomonas Using Keys to Series 
Some or all scales on the cell bear spines or bristles. When 
spines or bristles are not present over the entire cell, they 
are most abundant on the anterior portion of the cell. Scales 
are of two basic types, domed and non-domed, and are generally 
triangular to diamond-shaped. All scales have a conspicuous 
shield, flange, and V-rib. When bristles are present, they are 
attached to a well-developed dome. Spines absent. Non-domed 
scales usually smaller, never have bristles attached to them, and 
are located posteriorly to domed scales (Figures 1, 2, 6, 10, 
31-84) Series Tripartae 
Organisms not as described above 2 
Cells with some or all scales bearing bristles. Spines are 
never present. A conspicuous, protruding dome and V-rib with 
associated flange is never present. Typically the scales are 
flat and thin, ranging from nearly circular or elliptical in 
Mallomonas caudata to shield shaped in Mallomonas punctifera 
(Figures 3, 5, 8, 9, 113-1A6) Series Planae 
Organisms not as described above 3 
Cells range from an oval shape to a cylindrical shape and 
frequently bear three types of scales. Anterior scales form 
a forward pointing collar which bears bristles. Spines, when 
present, are only on posterior scales. Centrally located body 
scales do not bear bristles or spines. Scales may be thick, 
convex, and three layered or thiner. Body scales are usually 
rhombic. Dome and flange may be present or absent (Figures 
4, 7, 11, 91-100, 102, 104-112) Series Torquatae 
Organisms which do not fit into the series described above. 
Isolated species (M. insignis, Figures 85-90, pp. 62-63) 
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Key to Series Tripartae 
la. Scales with papillae present on the shield (Figures 79-84) 
papulosa group couplets 15-17 
lb. Scales without papillae on the shield 2 
2a. Scales with both very regular, transverse, concentric ribs on 
the sheild and with struts projecting across the flange from 
the V-rib to the rim (Figures 45-62) striata group 
couplets 9-11 
2b. Scales without both struts on the flange; and regular, 
transverse concentric ribs on the shield 3 
3a. Scales without struts and without ribs, papillae, or a reticulum 
on the shield. Faint irregular ornamentation may be present on 
the flange, but never extends completely across it (Figures 66-72) 
intermedia group couplets 13-14 
3b. Scales with distinct struts on the flange and/or with shield 
ornamentation as a complete or incomplete reticulum (Figures 31-44) 
acaroides group couplets 4-8 
Couplets 4-8, the acaroides group 
4a. Scales with a corona (Figures 38-44) M. pseudocoronata 
(p. 49) 
4b. Scales without a corona 5 
5a. Shield with a secondary layer forming concentric ribs which may 
or may not be connected by vertical ribs. " The ribs may or may 
not be continuous across the shield; the pattern is regular, not 
appearing random 6 
5b. Not as above 7 
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6a. Scales 10-12 /btm long, 5-7 /xm wide M. leboimil 
6b. Scales 6-7/im long, 3.5-5.5 ;Lim wide M. portae-ferrae 
(Note: These two taxa are quite similar. See Peterfi and 
Asmund, 1972; and Asmund, 1959.) 
7a. Shield with no ornamentation or with some ribs projecting onto 
it from the V-rib in an irregular pattern (Figures 31-47) 
M. acaroides (p. 48) 
7b. Shield ornamentation formed by a definite continuous reticulum 
8a. Posterior scales with spines, cells 13-32 /im long, shield 
reticulum in a hexagonal to pentagonal pattern, struts up to 
6 or 8 per side (Figures 63-64) M. crassisquama 
8b. Posterior scales without spines, cells 30-45 /im Long, shield 
reticulum quitp irregular, about 10 struts per side M. 
zellensis 
(These two taxa are quite similar. For a discussion, see Fott, 
1962.) 
Couplets 9-12, the striata group 
9a. Struts long and narrow, about 5 times longer than wide when 
they extend completely across the flange. Struts are very 
straight, frequently ending abruptly or furcating. Dome ribs 
angular, often broken. The shield has 7-13 transverse ribs on 
the shield M. concortica (see Peterfi and Momeu, 1976) 
9b. Scales with reticulate ribbing on the dome and transverse shield 
ribs connected by vertical ribs which may form a reticulum 
M. lelymene (see Harris and Bradley, 1960) 
9c. Struts short and thick, about 2-3 times longer than wide. 
Dome ribs, if present, never angular 10 
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10a. Scales with 12 or less transverse ribs on the shield, usually 
10 or less. There never is a "flower" at the base of the shield 
near the hood. Dome ribs may or may not be present 12 
10b. Scales with 13 or more transverse ribs on the shield, sometimes 
with a "flower" (circular region of interrupted transverse 
ribs on the proximal portion of the shield) at the base of the 
shield near the hood. Dome ribs always present and usually 
arranged in concentric patterns 3 
11a. Scales with a flower at the base of the shield near the hood 
M. flora (see Kristiansen, 1978) 
lib. Scales without a "flower" at the base of the shield near the 
hood (Figures 45-52) M. cratis (p. 51) 
(Note: M, cratis and M. flora are quite similar; see p. 47.) 
12a. Scales usually with two distal wings bearing short oblique, 
parallel ribs (Figures 53-62) M. striata (pp. 52-54) 
12b. Scales without a distal wing. Furcating transverse shield 
ribs common. Flange about 2/3 - 3/4 as long as the scale 
M. paludosa (see Fott, 1957) 
Couplets 13-14, the intermedia group 
13a. Scales with a wing extending laterally on the distal portion 
of the scale which has oblique ribs M. actinoloma (see 
Takahashi, 1978) 
13b. Scales without oblique ribs on a wing 14 
14a. Scales without a dome but have a shovel-like plate or partial 
corona extending from one side of the distal portion of the 
scale M. vannigera (see Asmund, 1977) 
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14b. Shield and flange with a very irregular arrangement of holes 
in the secondary layer, frequently several pores appear fused 
to form one pore. The distal portion of both domed and non-
domed scales frequently bear short ribs. Many posterior scales 
bear a cyathus or cone-like projection on the distal portion of 
the scale M. cyathellata (see Wujek and Asmund, 1979) 
The remainder of the species in this group are confusing and 
need much work. Bristle morphology and the presence of a secondary 
layer on the scale are important characteristics. Some taxa seem 
distinctive while others seem to be morphologically intermediate. 
For this reason, they are not put in the form of a dichotomous key 
but are listed with pertinent references. 
M. tonsurata var. tonsurata 
M. tonsurata var. alpina 
M. corymbosa 
M. elongata 
M. areolata 
M. intermedia 
M. portae-ferrae 
M. trummensis 
pp. 55-57 
pp. 57-59 
Asmund and Hilliard, 1961 
Asmund, 1959 
Asmund, 1959 
Asmund, 1959; Peterfi, 1967 
Cronberg, 1975 
Cronberg, 1975 
Couplets 15-17, the papillosa group 
15a. Scales with two wings with several oblique ribs on either side 
of the distal scale margin (Figures 81-82) M. papillosa 
(p. 60) 
15b. Scales without obliquely ribbed wings 16 
16a. Papillae, dense, extending over most of the scale except the 
flange. Papillae on the shield frequently joined in rings. 
Hood reduced to about the same width as the V-rib (Figures 65, 
101, 103) M. annulata (p. 60) 
16b. Papillae not dense, but are scattered. Hood prominent 17 
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17a. Shield with papillae which are frequently joined in rings of 
six fused papillae. Shield surrounded by a V-rib which forms 
a Wide band (Figures 79, 80, 83) M. pillula (p. 59) 
17b. Widely spaced papillae cover 1/2 - 3/4 of the shield. The 
distance between the papillae being 1-3 times the width of an 
individual papillum. Bristles distinctive with a notched end 
which forms two tips of uneven length (Figure 84) M. 
calceolus (see Bradley, 1964) 
Key to Series Planae 
la. Scales without a dome, almost circular in outline (Figure 3). 
Scales may bear bristles if they are distributed over the entire 
cell or have special posterior and anterior bristle bearing 
scales with an irregular, assymmetrical outline. Scales 
relatively large, longer than 6 fXm. and wider than 4 ^ m 
(Figures 135-146) caudata group 3 
lb. Cells with bristle bearing scales which may have a reduced dome, 
or dome absent. Scales relatively small, less than 6 long 
and 4 ^ m wide. Various shapes of scale outlines, shield-
shaped (Figures 5, 9) or elliptical (Figure 8) but not nearly 
circular 4 
2a. Scales shield-shaped where the distal half of the scale is 
broader than the proximal half of the scale (Figures 5, 9, 119-
134) punctifera-heterospina group 5 
2b. Scales not shield-shaped, the distal half of the scale is 
narrower than the proximal half (Figures 8, 113-118) 
akrokomos group 10 
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Couplets 3-4, the caudata group 
3a. Scales without any secondary layer of ornamentation on the base 
plate, although the base plate has many small pores. Scales 
7-11 X 4.0-4.5 ^ m. Bristles relatively long, 12-73 /xm, 
distributed over the entire cell. Cells ovate often with an 
extended posterior (Figures 135-140) M. caudata (p. 76) 
3b. Scales with a secondary layer of ornamentation on the base 
plate which is either a fine or large meshed reticulum. 
Bristles located on the posterior and anterior portions of the 
scales, never distributed over the entire cell. Bristle bearing 
scales with an irregular, asymmetrical outline 4 
4a. Scales 6-8 /im - 4.0-4.5 /bim with a large meshed reticulum which 
is observable with PCM. Pores clearly visible on the base plate. 
Cells 40-55 /jim x up to 30 um. Bristles 15-25 /zm (Figures 141-
144, 146) M. teilingii (p. 77) 
4b. Scales 7-10 /um x 4-7 /itm with a small meshed reticulum. Cells 
50-60/Lim x 13-25/Ltm. Bristles 20-40 /im M. bronchartiana 
(see Compere, 1974) 
Couplets 5-9, the punctifera-heterospina group 
5a. Scales with 15-30 transverse ribs extending across the scale. 
Vertical ribs may connect the transverse ribs M. transsylvanica 
(see Cronberg and Kristiansen, 1980) 
5b. Scales with a secondary layer of ornamentation present as a 
reticulum and/or an inverted U-shaped rib (Figures 5,9) 6 
6a. Body scales with the distal portion of the scale relatively 
rectangular. Anterior scales are triangular. An inverted U-
shaped rib runs parallel to either side of the scale forming a 
flange-like structure and connects at the distal portion of the 
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scale. Usually there is a large meshed reticulum between the 
ribs. The reticulum may be incompletely formed or lacking on 
some scales (Figure 145) M. punctifera (syn. with M. 
reginae, see Balonov and Kuzmin, 1975a; also see Asmund, 1977; 
Takahashi, 1978) 
Body scales without an inverted U-shaped rib and with rounded 
corners on the distal portion of the scale. A meshwork of ribs 
forms an incomplete or complete reticulum of various forms on 
the scales (Figure 9) 7 
Scales with a central reticulum; 2-6 meshes on the distal portion 
of the scale much larger than the meshes on the rest of the scale 
Papillae frequently present near the pores of the base plate 
within the meshes. Several oblique, regular ribs are on the dome 
Helmet bristles, 6-10 (Figures 119-127) M. multiunca 
(p. 76) 
Scales without large, conspicuous meshes of the reticulum on the 
distal portion of the scale. Ribs may be present on the dome, 
but are not oblique and regular. Papillae not present on the 
base plate 8 
Both needle and helmet bristles on the same cell (Figure 241) . 
Scales with extensive large meshed reticulum enclosing smaller 
ribs which form a finer meshed reticulum (Figures 128-134) 
M. heterospina (p. 74) 
Cells with one type of bristle on an individual cell. Reticulum 
on the scale extensive and ribs on the dome much more prominent 
than in M. heterspina 9 
Ribs on the dome usually vertical. Bristles 5.0-6.0jbim, 
distinctive, with a long tapered tip possessing one tooth 
M. pugio (see Bradley, 1964) 
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9b. Reticulum more extensive than in M. pugio. Ribs on the dome 
continuous with the rest of the scale and may be vertical or 
transverse. Bristles taper to a very fine point M. harrisae 
(see Takahashi, 1975, 1978) 
Couplet 10, the akrokomos group 
10a. Cells distinctive, spindle-shaped, posterior frequently extended, 
anterior rounded with several bristles. Caudal scales, body 
scales, and domed, bristle bearing, anterior scales present 
(Figures 113-118) M. akrokomos (p. 71) 
10b. Cells with both helmet bristles located posteriorly and needle 
bristles with minute teeth on the tip located over the entire 
cell. Body scales and posterior scales present. Posterior 
scales are almost circular, have no dome, but have helmet 
bristles attached to them. Body scales are domed with the 
proximal portion of the dome eccentric. Both scale types have 
no secondary layer of ornamentation. Numerous small holes in 
the base plate M. hamata (see Asmund, 1959) 
Key to Series Torquatae 
la. Scales with an extensive or sparsely papillate dorsal surface 
on the shield. Pores, holes, or depressions are usually present 
and few in number (less than 20). If more than 20, they are 
only on the proximal margin of the shield near the V-rib or on 
the rim. Anterior bristles may be present or absent, but 
posterior spines or bristles are never present (Figures 7, 110) 
lychensis group 3 
lb. Scales without a papillate dorsal surface on the shield, but 
covered with transverse and/or longitudinal ribs, or a reticulum 
2A6 
or with many pores, or depressions (greater than 20). Anterior 
bristles always present. Posterior spines may be present or 
absent 2 
2a. Scales with shield ornamentation as either transverse or 
longitudinal ribs which sometimes tend to form a reticulate 
pattern The doignonii group 8 
2b. Scales without ribs as shield ornamentation, but with holes or 
pores in the outer layer of the shield The pumilo group 11 
Couplets 3-7, the lychensis group 
3a. Scales very thick and with an overall convex curvature. 1-10 
large holes or depressions are in the shield area of the dorsal 
surface and have a diameter 1/4-1/5 the maximum width of the 
scale. If only one hole or depression is present, it is near 
the rim and only a portion of it is clearly on the shield. 
Some small holes may be present near the V-rib 4 
3b. Scales not extremely thick and without an overall convex 
curvature. Zero to 20 small holes form a row on the shield 
along the perimeter of the V-rib (when the V-rib is present) 
or the rim. The diameter of the holes or depressions is about 
1/10 or less of the maximum width of the scale. Large holes 
or depressions 1/4-1/5 of the maximum width of the scale are 
not present 7 
4a. Body scales with a small tooth-like spine located eccentrically 
on the distal portion of the scale. Domed anterior bristle 
bearing scales are present. One to several depressions or 
holes are present on both collar and body scales. If only one 
depression hole is present, it is long and irregular, appearing 
as if several holes have fused. Bristles approximately 5 /im. 
Scales 2-4.3/im x 1.0-2.4 juim. Cells 7.4-13^m x 4-7 /bim 
I k l  
M. grata (see Takahashl, 1963, 1978) 
Body scales without a small spine on the distal portion of the 
scale. Domed anterior scales not present. Bristles may be 
present or absent. One to several depressions or holes present 
5 
Scales distinctive with two slightly curved, parallel rows of 
holes or depressions which form opposite pairs. Each row with 
4-5 holes which extend the length of the scale. Approximately 
4 or 5 anterior bristles may be present or bristles absent 
(Figure 110) M. lychensis (see Conrad, 1938; Harris, 1953; 
Harris and Bradley, 1957, 1960) 
Scales with holes or depressions in the dorsal side of the scale 
not in two parallel rows but are arranged irregularly 6 
Scales with depressions or holes in 2 rows or irregularly 
arranged on the shield, but do not extend the length of the 
scale. M. allgorei (see Harris and Bradley, 1960; Peterfi, 1967) 
Scales usually with one, sometimes more, circular holes or 
depressions located on the proximal, non-papillate portion of 
the shield near the rim M. adamas (see Harris and Bradley, 
1960) 
(Note: Harris and Bradley (1960, p. 770) discuss the intergrada-
tion of taxonomic characters between M. allgorei, M. lychensis, 
and M. adamas.) 
Shield of scales covered extensively with papillae which some­
times extend onto other portions of the scale. Domed, bristle 
bearing, anterior scales are present. A row of 1-7 small holes 
or depressions may be present on the proximal end of the shield 
along the V-rib or absent (Figures 99, 100, 102, 104-105) 
M. mangofera (p. 66) 
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7b. Scale with sparsely and irregularly spaced papillae on the shield. 
Anterior, bristle bearing scales are shaped as other collar 
scales in the torquatae but are not domed. A row of hole-like 
depressions are along the proximal border of the rim M. 
maculata (see Bradley, 1964) 
(Note; Although M. maculata seems relatively distinct, this 
species is described on the basis of one cell. Since, to the 
best of my knowledge, this taxon has not been reported again, 
it should be considered extremely rare.) 
Couplets 8-10, the doignonil group 
8a. Scales with 4-10 thick ribs on the shield. The ribs are 
longitudinal on body scales, and transverse, longitudinal or 
both on anterior collar scales and may furcate or curve M. 
recticostata (see Takahashi, 1972, 1978) 
8b. Scales without thick, longitudinal ribs. More than 12 ribs on 
a scale. They are clearly transverse and may intergrade into 
a reticulate pattern 9 
9a. Scales with distinct transverse ribs of a very uniform thickness 
which may furcate and curve, sometimes forming a reticulate 
pattern. A single row of holes in the flange extends along the 
inside margin of the rim. Cells without any posterior spines 
M. schwemmlei (see Glenk and Fott, 1971; Glenk, 1956) 
9b. Scales without distinct transverse ribs. The ribs may form a 
reticulate pattern, but the thickness is not uniform which 
causes them to appear to fade and reappear in electron micro­
graphs. Posterior spines are present 10 
10a. Scales with an irregular rib system on the shield and anterior 
collar scales. The ribs may be joined to form a reticulum 
M. torquata (see Asmund and Cronberg, 1979) 
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10b. Scales with a regular distinctive transverse rib system relative 
to M. torquata. Ribs occasionally may furcate or be joined 
but do not form a reticulum (Figures 91-98) M. doignonii 
(Note: M. torquata and M. dolgnonii are difficult to differentiate, 
see Asmund and Cronberg, 1979.) 
Couplets 11-13, the pumilo group 
11a. Dorsal surface of scales with circular holes 12 
lib. Dorsal surface of scales with irregularly shaped holes which 
clearly are not circular. The holes appear star-shaped and 
often appear to have holes in the base plate positioned in the 
corners of the holes 13 
12a. Scales with large holes, less than 12, usually 7 or 8, extending 
across the shield M. eoa (see Takahashi, 1963, 1978) 
12b. Scales with many small holes, more than 12, usually about 18-20, 
across the widest part of the shield M. phasma (see Harris 
and Bradley, 1960) 
13a. Cells small with posterior spines which are short (less than 2 m) 
or absent. Cells 10-28/;4m x 6-15/im. Scales small, 2-3 M® x 
1.0-1.5 fim (Figures 106-109) M. pumilo (p. 68) 
13b. Cells larger, with relatively long posterior spines. Cells 
13-47 fjim X 5-9 fjim. Scales 2-2.5 /im x 3.5-4.5 ^ m. Bristles 
6-8 /Lim. Spines 2-10 fim M. clavus or M. allantoides 
(Note: M. pumilo, M. clavus, and M. allantoides are very 
similar. See Harris and Bradley (1957), Bradley (1964), and 
Harris (1970b) for descriptions. Comparisons and taxonomic 
problems are discussed by Bradley (1964) and Kristiansen (1978).) 
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Key to the Species Mallomonopsis 
la. Scales somewhat circular to elliptical in shape with a conspicuous 
rim extending approximately around 1/2 of the perimeter of the 
scale. A V-rib is never present elliptica group 2 
lb. Scales elliptical, rim present, a V-rib or a raised ridge which 
extends across the central portion of the scale is present 
paxillata group 4 
Couplets 2-3, the elliptica group 
2a. Scales with most of the central portion of the scale with short, 
irregularly arranged, vermiform ribs (Figures 150-152) M. 
oviformis (p. 81) 
2b. Scales without vermiform ornamentation 3 
3a. Scales with a regular pattern of conspicuous individual papillae 
over almost the entire surface of the scale. The rim with 
conspicuous, regularly spaced struts along its entire length 
M. salina (p. 79) 
3b. Papillae not individually conspicuous but tend to fuse forming 
a hexagonal meshwork over the distal 1/2-2/3 of the scale. 
Each mesh surrounds a hole in the base plate M. elliptica 
(see Kristiansen, 1975a; Harris, 1966; Takahashi, 1978) 
Couplets 4-5, the paxillata group 
4a. Scales with a broad, thick, raised ridge extending across the 
central portion of the scale. Papillae scattered over the 
entire scale but more conspicuous and abundant on the distal 
portion of the scale. The rim has inconspicuous closely spaced 
struts M. peroneides (see Harris, 1966; Takahashi, 1978) 
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4b. Scales without a broad ridge extending across the central 
portion of the scale, but has a raised, conspicuous V-rib. 
Papillae usually present 5 
5a. Scales with an inconspicuous dome, the distal edge of the scale 
near the dome has a conspicuous tooth. Regularly spaced 
papillae cover the shield and dome. One bristle per scale 
M. paxillata (see Bradley, 1966b; Kristiansen, 1976; Takahashi, 
1978) 
5b. Scales without a dome and without a distal tooth. Regularly 
spaced papillae cover the entire shield. Each scale had 3-5 
bristles M. ouradion (see Harris and Bradley, 1958; Harris, 
1966; Takahashi, 1978) 
Key to the Species of Paraphysomonas 
la. Most scales with a long central spine, appearing tack-like 
(Figure 27) The vestita group 2 
lb. Scales without a central spine The butcheri group 5 
Couplets 2-4, the vestita group 
2a. Base plate perforated, forming a reticulate pattern. Spine is 
solid (Figures 206-208) £. formainifera (see Lucas, 1967; 
Thomsen, 1975) 
2b. Scale base plate and spine both solid 3 
3a. The tip of the spine is truncated and rounded. Spine length 
the same as the diameter of the base plate or less (Figures 201-
202) P. bandiensis (p. 96) 
3b. Spine tip not truncated and rounded 4 
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4a. Spine tip tapers to a point. Base plate with a thickened rim. 
A relatively large species, scale base plate 0.7-4,3 ;uni. 
Spine 1.4-10/bim, cells 8-20/xm (Figures 197, 199, 200, 203, 205) 
P. vestita 
4b. Spine tip does not taper to a point, but has a tip formed by a 
constriction. The tip is approximately 1/2-2/3 as thick as the 
rest of the spine. Rim of scale base not present (Figures 198, 
204) imperfGrata (p. 95) 
(Note: 1^. vestita and imperforata are quite similar. See 
the text, p. 94.) 
Couplets 5-10, the butcheri group 
5a. Cells with more than one scale type 6 
5b. Cells with only one scale type, either goblet or crown scales 
(Figure 26) present 9 
6a. Scales with both circular, flat scales and crown scales 7 
6b. Flat scales and either pyramid scales or flat scales with a 
large planar extension. Crown scales may also be present 8 
7a. Crown scales with a central area formed by holes of various 
sizes and shapes. The periphery of the scales with relatively 
uniform large holes inconspicua (see Takahashi, 1976, 
1978) 
7b. Crown scales with a central area having holes of uniform size 
while the peripheral holes are of various sizes and shapes 
]P. butcheri (see Pennick and Clark, 1972) 
8a. Plate scales with large holes forming a reticulum. Crown 
scales with an extended three-dimensional step-like pyramid 
structure P. cribosa (see Lucas, 1968; Thomsen, 1975) 
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8b. Plate scales with large holes forming a reticulum. An addi­
tional scale type is present with a flat, planar, reticulate 
extension above the base plate faveolata (see Rees et al., 
1974) 
9a. Scales goblet-shaped, base plate solid. Sides of the goblet 
perforated, forming a reticulate pattern £. cylicophora 
(see Leadbeater, 1972; Thomsen, 1975) 
9b. Scales not goblet-shaped. Only crown scales present 10 
10a. 
10b. 
Base of the crown scale is elliptical, with a ring of 14-21 
uprights and a central area of 13-17 elongated perforations 
in two parallel rows. An apical ring connects the top of the 
uprights P^. siderophora (see Thomsen, 1974) 
Base of crown scale nearly circular with 5-6 equally spaced 
uprights connected by an apical ring corbidifera (see 
Pennick and Clark, 1973) 
Key to the Species of Synura 
la. Scales elliptical to nearly circular, large, without a spine 
but with a large central papillum (Figure 23). A thick rim 
extends entirely around the scale. Scale covered with small 
pores. Scales 2-10 ^im x 1.8-5.0/Am lapponica group 
lapponica (see Petersen and Hansen, 1958; Peterfi, 1967; 
Kristiansen, 1976) 
lb. Scales smaller relative to lapponica, with a spine, but 
never with a central papillum 2 
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2a. Scales typically elliptical with a ridge extending most of the 
length of the scale. The ridge is nearly flush with the base 
plate on the proximal end becoming raised above the base plate 
on the distal end where it forms a spine on all except the most 
posteriorly positioned scales. Struts project from the ridge, 
usually extending to the periphery of the scale. They may or 
may not have interconnecting ribs forming a reticulum (Figure 
16) petersenli group 3 
2b. Anterior scales typically circular or oval with a spine up to 
several times the length of the scale projecting from the distal 
end. Non-spined body and posterior scales of various shapes 
covering 1/3-2/3 of the cell. Plate ornamentation quite variable 
(Figures 17-22) spinosa group 4 
Couplet 3, the petersenii group 
3a. Scales with the median ridge forming an extremely prominent 
spine. Base plate with a prominent network of interconnecting 
struts forming an irregular reticulum between the ridge and the 
periphery of the scale marcantha (see Petersen and 
Hansen, 1958; Asmund, 1968) 
3b. Scales with a conspicuous ridge which is less prominent than 
marcantha. Struts which are usually prominent, extend from 
the median ridge, usually to the periphery of the scales. The 
ribs may furcate or be connected by slightly thinner ribs 
(Figures 161-167) petersenii (p. 86) 
Couplets 4-13, the spinosa group 
4a. Anterior scales with holes in the plate but no other ornamenta­
tion. The rim extends partially or entirely around the scale 
(Figure 20) 5 
4b. Scales with holes in the base plate but always with some other 
form of ornamentation, usually ribs in various patterns (e.g.. 
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meshwork, vermiform, randomly arranged or along the distal 
margin (Figures 17-19) 6 
Scales very large, nearly circular. Spined apical scales with 
a rim which extends completely around the scale. Non-spined 
posterior scales with a rim along 3/4 of the perimeter. Scales 
6.2-7.8 X 3.9-6.8/im. Spines up to 10 /lim long splendida 
(see Kristiansen, 1963) 
Scales small relative to splendida. Rim may extend along the 
entire periphery of the scale. Scales 2.3-3.8/im x 1.7-2.8fim. 
Spine 2.2-2.7 ^ m sphagnicola (see Petersen and Hansen, 
1958; Takahashi, 1978) 
Scales with a very random and irregular arrangement of ribs of 
various lengths scattered over most of the scale. Short distal 
spines usually present punctulosa (see Balonov, 1976b) 
Scales without irregular, random ribs over most of the scale 7 
Scales with a very regular elliptical shape and a short distal 
spine. A secondary layer of ornamentation with holes completely 
covers the base plate. Frequently, a tertiary layer is present 
on the proximal 1/3 of the scale and may be complete or with 
holes of various sizes microcrepis (see Nygaard, 1978) 
Scales not as described above but with a honeycomb meshwork 
present somewhere on the scale and/or short ribs perpendicular 
to the scale margin in a row along 1/4-1/2 of the distal scale 
margin 8 
The distal 1/3-2/3 of the scale with vermiform ribs. The 
proximal 1/3-2/3 with no secondary ornamentation, but with 
holes in the base plate. Short distal ribs present. Spine 
relatively short and tapers to a fine point (Figures 181-187) 
2.56 
echlnulata (p. 91) 
8b. Scales without any vermiform ribs 9 
9a. Scales with a distal papillose area about the same shape and 
adjacent to the short distal ribs. Spines relatively short and 
taper to a fine point mammilosa (see Takahashi, 1978, 
1972) 
9b. Scales without a distal papillose area extending across the 
scale 10 
10a. Scales somewhat rectangular, with conspicuous ribs extending 
across the rim along its entire length. The distal 1/3-2/3 
of the scale with a honeycomb meshwork. The base plate with 
holes in the central portion of the scale. Spines are short 
and blunt or possess several minute teeth (Figures 154-160) 
uvella (p. 85) 
10b. Scales oval to circular but not appearing as a rectangle with 
rounded corners. Ribs not present on the rim 11 
11a. Scales with only a very narrow distal region of honeycomb 
ornamentation, only one or two tiers of meshwork present. The 
short distal marginal ribs are present but inconspicuous 
relative to spinosa, S^. curtispina, and favus. Scales 
2.5-4.0/Im X 2.0-3.0^m. Spines up to 3.4/Um biseriata 
(see Balonov, 1976) 
lib. Scales with an extensive region of honeycomb ornamentation, 
many more than 3 tiers of meshwork present. Short, distal, 
marginal ribs are conspicuous relative to biseriata 12 
12a. Scales with a long spine (up to 4.5 ^ m) relative to curtispina 
and favus. Spined scales extending over most of the cell, 
only the most posterior scales do not have spines 13 
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12b. Scales with a short spine (1.5-2.A /xm) relative to spinosa. 
Body scales spineless, only anterior scales bearing spines 
(Figures 174-180) curtispina (p. 90) 
13a. Scales with honeycomb meshwork on the distal 1/2-2/3 of the 
scale. spinosa (see Petersen and Hansen, 1956) 
13b. Scale with a honeycomb raeshwork which extends over the entire 
scale, from the distal margin to the rim (Figures 168-173) 
mollisplna (p. 89) 
